Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


VOLUME  XXII 


NUMBER  5 


THE 


Agriculture^ 
Student 


JANUARY  1916 


Soils  Number 


Contributors:  CHARLES  E.  THORNE,  CHARLES  B.  LIPMAN, 
ALFRED  VIVIAN,  E.  TRUOG,  JOSEPH  E.  BARKER,  J.  W. 
HENCEROTH,  E.  O.  PIPPIN,  F.  E.  BEAR,  G.  S.  FRAPS 


15c  PER  COPY 


$1.00  PER  YEAR 


1  I 
1 

1    Farmers'  Week  at 
Ohio  State  University 

Jan.  31,  Feb,  /,  2,3,4 


This  is  the  fourth  annual  round-up  week  of  things 
agricultural  in  Ohio.  If  you  are  an  advocate  of  better 
farming  and  better  living,  spend  Farmers'  Week  in  Co- 
lumbus. The  various  Livestock  Breeders'  Associations, 
State  Dairymen's  Association,  Ohio  Vegetable  Grow- 
ers' Association  will  meet,  the  Boys'  State  Livestock 
Judging  Contest  will  take  place,  and  almost  one  hun- 
I  dred  lectures  by  the  leading  farm  authorities  will  be 

delivered.   At  no  time  of  the  year  is  it  so  convenient  for 
the  farmers  and  their  families  to  get  together  and  meet 
I  old  college  chums,  teachers,  friends,  and  noted  educa- 

tors, as  at  the  AGRICULTURAL 

Alumni  Luncheon 
at  Ohio  Union 

Wednesday  Noon^  Feb.  2 

All  graduates  and  all  former  students  in  four-year, 
two-year,  eight-week  courses,  and  other  friends  of  the 
University  are  invited  to  this  luncheon.  Your  old 
friend  is  going  to  be  there,  so  decide  right  now  to  join 
him,  refreshen  passing  memories,  and  enjoy  the  roasts 
and  toasts. 

^  Reserve  the  Datey  February  2 

Ground  Hog  Day 
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Future  Satisfaction 


There  will  be  a  certain  feeling  of 
pride  in  future  years,  to  know  that  you 
purchased  your  insurance  with  a  com- 
pany of  proven  integrity,  and  demon- 
strated worth  to  policyholders. 

The  Equitable  Life  of  Iowa  is  a 
company  with  a  clean  record  of  ser- 
vice, and  has  reached  a  Hundred  Mil- 
lion of  insurance  in  force. 

Insurance  is  our  profession,  and 
every  advantage  of  our  experience  is 
at  your  disposal  in  selecting  a  policy 
to  meet  YOUR  needs  in  future  A^ears. 

RAYMOND  C.  GAUCH 

Student  Representative 

The 

Equitable  Life  Insurance 
Company  of  Iowa 

JOHN  F.  STONE 

General  Agent 

501  -  502  MARZETTI  BUILDING 
COLUMBUS,  OHIO 
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Here's  a  Wise  Wish 
for  You 

The  Polk  Genung  Polk  Com- 

panyj  makers  of  Polk  System 
Silo  Machines,  wish  every  farmer 
in  America  a  Happy  and  Pros- 
perous New  Year,  and  a  Pleasing 
Polk  System  Silo. 

Polk  System  Silos  are  always 
true  to  circle,  true  to  curvature, 
and  true  to  perpendicular.  They 
are  bulit  by  the  all-steel  Polk 
System  Machine,  held  rigidly  in 
alignment  by  a  four-inch  steel 
centermast.  They  cannot  have 
any  flaws  or  weaknesses. 

Polk  System  Silos  are  truly 
permanent.  This  means  not  only 
that  they  last  forever,  but  also 
that  they  last  without  calling 
for  any  repairs  or  for  a  penny 
of  upkeep.  All  You  have  to  do 
is  to  Use  Them,  year  in  and  year 
out.  Their  permanence  makes 
them  truly  cheap. 

A  POLK  SYSTEM  SILO 

on  your  farm  insures 

A  HAPPY  NEW  YEAR 

TODAY      Write  for  Catalog  TODAY 

Polk  Genung  Polk  Co.    Fort  Branch,  Indiana 
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What  about  that  Silo  you're  going  to  build?  Have 
you  investigated  the  merits  of  The  Farmers  Silo,  the 
choice  of  all  well-informed  men. 

Agricultural  Limestone  will 

sweeten  your  soil,  and  give  you 
better  results  from  the  use  of 
fertilizers  as  well.  We  will 
supply  you  with  the  best  of 
both/ 

Legugerm,  The  Live  Bacte- 
ria, for  innoculating  Alfalfa 
and  other  Legumes.  (Direct 
from  our  Laboratory.) 
Let  us  ship  you  a  trial  order  of  Farmers  Digester 
Tankage;  after  that  you  will  feed  no  other. 

Get  our  1916  Catalogue  and  Prices. 
THE  FARMERS  FERTILIZER  CO.,  Columbus,  Ohio. 


Dean  Mumford  Says: 


"The  investments  of  the  farmer  which  pay  the 
largest  interest  are  the  investments  in  fertilizers,  in 
good  livestock,  in  good  machinery  and  other  forms  of 
equipment. 

One  of  the  most  important  steps  which  must  be 
taken  by  the  average  farmer  of  the  Middle  West  is  the 
purchase  and  application  of  fertilizers  to  be  used  along 
with  a  rational  rotation.  The  intelligent  use  offerti' 
lizers  will  increase  farm  profits  and  benefit  directly  the 
individual  farmer . . .  — Dean  F.  B.  Mumford,  University 
of  Missouri,  in  The  September  Banker-Farmer. 

Our  free  bulletins  point  the  way  to  better 
and  more  profitable  crops. 

Soil  Improvement  Committee 

Of  the  National  Fertilizer  Association 
977  Postal  Telegraph  BIdg.,  Chicago 
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An  Investment  FREE 
from  Speculation 

to  farm  operators  is  one  placed  in  Agricultural 
Lime  or  Ground  Limestone. 

WHY? 

Because  it  enables  you  to  grow  the  Le- 
guminous Crops. 

(Yield  More  per  Acre 

Leguminous  P^^^^     Feeding  Value 

\Make  Soil  More  Productive 
Give  Higher  Returns  from 
the  Farm 


Crops  I 


The  situation  in  regard  to  car  shortage  is 
very  alarming.  Those  who  need  these  mate- 
rials should  place  orders  early. 

Look  for  us  at  the  Dairy  Show, 
''Farmers'  Week/' 
February  2,  3  and  4th,  1916. 

The  Agricultural  Lime 
&  Limestone  Ass'n 

406  Hartman  Bldg.  Columbus,  Ohio. 
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FERTILIZER 
MATERIALS 

FOR  HOME  MIXING 

Acid  Phosphate 
Nitrate  of  Soda 
Genuine  Peruvian  Guano 
Tankage,  Bone,  etc. 

Also  guaranteed  inoculating  bac- 
teria for  all  legumes. 

Write  us  for  prices  and  further  par- 
ticulars. 

Nitrate  Agencies  Co. 

Central  Nat.  Bank  Bldg., 
COLUMBUS,  O. 


UNIVERSITY 
BRED  SWINE 

The  Ohio  State  University  main- 
tains a  herd  of  swine,  including 
Dnroc  -  Jersey,  Berkshire  and 
Laige  Yorkshire  breeds.  We  se- 
lect and  breed  with  special  care. 
We  sell  no  culls  for  breeders.  We 
offer  a  limited  number  of  selects 
during  the  year.  For  further  in- 
formation address 

DEPARTMENT  OF 

AXBIAL 

HUSBANDRY, 

Ohio  State  University, 
Columbus,  Ohio. 
^Mention  this  Magazine. 


Do  Fertilizers  Pay? 

The  Government  and  Educational  "Authori- 
ties" spend  considerable  public  money  in  printing 
contradictory  statements  on  this  point. 

Great  fortunes  have  been  made  in  manufactur- 
ing fertilizers.  They  evidently  pay  the  makers. 

Farmers  continue  to  increase  their  fertilizer 
purchases,  indicating  that  they  are  profitable  to 
the  farmer. 

But  are  the  kinds  which  the  manufacturers  pre- 
fer to  sell  the  most  profitable  to  the  farmer  ?  Do 
they  give  the  greatest  profit  consistent  with  main- 
taining the  productiveness  of  the  soil  ?  Or  do 
they  merely  supply  the  element  most  needed  at 
the  moment  and  reduce  the  available  supply  of 
the  other  elements  ? 

The  average  fertilizer  contains  4  times  as  much  phosphoric  acid  as  Potash.  The 
average  crop  takes  from  the  soil  3  times  as  much  Potash  as  phosphoric  acid. 
You  can  guess  the  answer.    Use  more  Potash,  for 

Potash  Pays 

Send  for  FREE  pamphlet  on  Profitable  Farming,  containing  system  of  rational 
fertilizing  and  soil  testing. 

GERMAN  KALI  WORKS,  Inc.,  42  Broadway,  New  York 
Monadnock  Block,  Chicago,  III.  Bank  &  Trust  Bldg.,  Savannah,  6a.      Whitney  Bank  Bldg.,  New  Orleans,  La. 

Empire  Building,  Atlanta,  6a. 


^^JNING/POTASH  IN  GERMANY 


riease   mention   THE   AGiiiCLLTL  liAL-   6TLDE-NT    wlieu   wrumg   aavei  li.^<.i  rs. 
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Facts  for  Feeders 

Year  by  year  Hogs  are  the  most  profitable  crop  on  the  average 
farm.  Most  years  corn  is  the  cheapest  and  best  home-grown  feed. 
There  is  a  Bumper  Crop  of  corn  this  year,  much  of  it  is  soft.  Soft  corn 
makes  poor  pork  and  Expensive  Gains,  but  Soft  Corn  and 

Swiff  s  Digester  Tankage 

(60  per  cent  Protein) 

Will  make  Big  Money  for  careful  feeders.  If  you  want  impartial  testi- 
mony, asks  Prof.  Plumb,  then  write  us  for  Free  Sample  and  Prices. 

ADDRESS 

Swift  &  Company 

CHICAGO 


WHY  NOT  MAKE 

Commercial  Buttermilk 

 WITH  

Chr.  Hansen's  Danish 
Lactic  Ferment  Culture 

We  will  gladly  send  copies  of  our 
new  booklet  on  this  subject  free  to 
anyone  interested. 

You  Will  Make  No  Mstake  by  Using 

CHR.  HANSEN'S 
Rennet  Extract,  Cheese  Color,  Dan- 
ish Butter  Color,  Rennet  Tablets 
and  Cheese  Color  Tablets. 

HANSEN'S  Means  QUALITY. 

Chr.  Hansen's  Laboratory^Inc 

LITTLE  FALLS,  N.  Y. 

Western    Office:    120    Jefferson  St., 
Milwaukee,  Wis. 


FOR  LAND'S  SAKE 

'Marbelime  ^ 

Agricultural  Limestone 


QUICK  RESULTS— LASTS  LONGER 

Does  Lime  increase  the  yield  of 
crops  ? 

If  I  use  Lime,  how  can  I  save  the 
cost  of  buying  potash  and  phosphorus 
at  the  present  exorbitant  prices? 

How  may  I  know  whether  or  not 
my  soil  needs  Lime? 

What  kind  of  Lime  should  I  use? 

All  this  and  more  valuable  informa- 
tion contained  in  our  book  on  the 
Use  of  Lime. 

Write  for  it  to-day.    It  is  free. 

Marble  Cliff  Quarries  Co. 

916  Hartman  Bldg., 
COLUMBUS,   -  -  -  OHIO. 
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The  Publications  of  our  Service 
Bureau  and  other  departments  should 
be  on  the  desks  of  all  agricultural 
students.  These  publications  are 
helpful  and  they  are  free.  Study 
the  plant  food  problem  from  every 
angle.  Address 

The  American  Agricultural  Chemical  Co. 

Publicity  Department,  Boston,  Mass. 


WING'S 

QUALITY  SEEDS 

Our  1916  Catalogue  will  tell  you  how  to  grow  the  greatest  crops, 
the  most  delicious  vegetables,  the  loveliest  flowers. 

Northern  Grown  American,  Grimm  and  Siberian  Alfalfa. 
Our  Own  Improved  Strains  of  Corn,  Soy  Beans  and  All  Field  Seeds. 
Our  Superior  Garden  and  Flower  Seeds. 

Our  beautiful  Dahlias,  Cannas,  Gladioli,  Iris,  and  other  bulbs  and  plants. 
We  tell  you  how  to  grow  them  all. 

The  Wing  Seed  Company 

Box  V,  Mechanicsburg,  Ohio. 
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Corn  Roots  As  They  Are— 

An  Actual  Photograph 

The  only  one  of  its  kind.  Taken  ten  days  after  the  last  cultivation,  show- 
ing the  upper  brace  roots,  lower  brace  roots  and  the  long  roots  which  feed  and 
develop  the  stalk  and  ear  growth. 


CORN  HOOTS  PRODUCED  BY  TOWER  CULTIVATION. 


A  steel  plate  was  drawn  four  inches  below  the  surface  under  a  full  grown, 
well  developed  stalk.  The  plant  with  several  hundred  pounds  of  dirt  attached 
was  then  lifted  out  and  immersed  in  water  and  the  dirt  slowly  washed  av.'ay 
from  the  roots,  leaving  them  in  the  position  they  occupied  in  the  ground.  Only 
about  sixty  per  cent,  of  the  roots  are  shown,  as  it  was  necessary  to  cut  down 
on  one  entire  side  of  the  stalk  in  order  to  get  the  steel  plate  imder  it. 

The  upper  brace  roots  are  the  strongest  and  come  last.  They  are  for  the 
purpose  of  supporting  the  stalk  on  the  ear.  The  next  lower  are  the  brace  roots, 
which  support  the  plant  while  it  is  from  two  to  four  feet  high.  The  lowest  set 
are  the  roots  which  nourish  the  stalk  and  ear;  they  are  all  within  four  inches 
from  the  surface  and  are  twenty  inches  and  more  in  length. 

Save  the  Roots— Increase  the  Yield 

This  photograph  shows  how  to  increase  the  yield,  as  Deep  Shovel  Cultiva- 
tion cuts  off  the  roots,  shuts  off  the  nourishment  and  stunts  the  plant. 
Can  you  not  see  this  plainly? 

Surface  cultivation  kills  the  weeds,  conserves  the  moisture,  saves  the  roots, 
makes  the  corn  ripen  earlier  and  increases  the  yield  per  acre. 

You  are  assured  of  clean,  productive  fields  every  time  if  you  use  the  TOWER 
SYSTEM  OF  SURFACE  CULTIVATION. 

THE  J.  D.  TOWER  &  SONS  CO. 

MAKERS  OF 

TOWER  CULTIVATORS 

MENDOTA,  ILL. 
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Soils  Must  Have  Lime 
Grind  It  on  the  Farm 


Acid  soils  stimt  crops.  They  prevent  the 
beneficial  bacteria  from  developing  in  the  soil — 
keep  it  sour  so  that  alfalfa  and  other  legumes 
cannot  grow. 

Before  big  yield  can  come — before  alfalfa 
can  get  a  stand — that  soil  must  be  made  sweet 
with  lime.  If  you  have  limestone  on  your  farm 
it  will  pay  you  to  grind  it. 

50c  PER  TOX 

Outside  of  quarrying  cost  you  can  grind 
limestone  for  about  .50c  per  ton.  Some  report 
that  it  costs  them  but  43c  per  ton. 

If  you  have  an  abundance  of  Nature's  great- 
est laud  tonic,  that  only  needs  to  be  pulver- 
ized, can  you  afford  not  to  use  it  to  make 
your  sour  soils  sweet  and  productive? 

A  LIME-PULYER  pays  for  itself  over  and 
over  again. 

HANDLES  60  EB.  ROCK 

In   reducing   lime   rock   two   machines  are 
usually  used,  a  crusher  and  a  pulverizer.  The 
crusher  handles  big  rock,  but  reduces  but  a 
small  part   to   the   proper  fine- 
ness. 

The  pulverizer  produces  a  fine 
product,  but  will  not  handle  rock 
of  quarry  size. 

The  LIME-PULVEK  is  both  a 
cruslKM-  and  pulverizer,  and  does 
what  It  former]"-  required  two 
machines  to  accomplish. 


ONE  TOX  PER  HOUR  OR  SEVEX 

The  Lime-Pulver  is  built  in  sizes  to  suit 
the  farmer's  power.  There  is  an  outfit  that 
can  be  operated  with  S  h.  p. — that  will  give 
one  ton  an  hour  with  10  h.  p. 

There  are  larger  sizes  that  will  give  from  .3 
to  7  tons  per  hour  of  finely  pulverized  lime- 
stone. 

CRUSHES  ROCK  FOR  ROAD  AXD 
COXCRETE  WORK 

If  rock  is  wanted  crushed — but  not  pulver- 
ized— simply  push  a  lever  and  instantly  the 
rock  is  delivered  crushed  to  the  size  for  road 
or  concrete  work.  A  lever  on  the  outside  of 
the  machine  enables  you  to  instantly  crush  to 
any  size  desired. 

IXDESTRUCTIBEE 

The  Lime-Pulver  will  last  a  lifetime.  The 
rock  is  not  actually  ground  but  pulverized  by 
the  Patented  .Jeft"rey  Swing  Hammers  that 
strike  the  rock  while  revolving  in  a  drum. 
Every  Lime-Pulver  is  sold  ou  a  guarantee  that 
insures  satisfaction. 

FREE  TRIAE 

Our  Trial'  Offer  enables  the 
farmer  to  try  the  Lime-Ptilver 
right  on  his  farm,  using  his  own 
power  and  his  own  rock.  Write 
now  for  catalog  and  full  infor- 
mation about  the  machine  that  is 
turning  roc-ks  into  dollars. 


FIRST  AVENUE 


The  Jeffrey  Mfg.  Co. 


COLUMBUS,  OHIO 
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EVERY 
STOCKMAN 

Wants  his  stock  handled  and  sold  to  best  pos- 
sible advantage.  To  insure  this  he  should  con- 
sign to  the  firm  which  can  give  his  consign- 
ment the  benefit  of  the  greatest  demand — the 
most  buyers  and  broadest  competition.  With 
houses  at  eleven  markets  and  special  salesmen 
in  every  department,  CLAY,  ROBINSON 
&  CO.  are  particularly  well  equipped  for 
handling  to  best  possible  advantage  both  large 
and  small  consignments. 

Our  weekly  Live  Stock  Report,  invaluable  to 
feeders  and  shippers,  sent  free  upon  request. 
If  you  care  to  state  what  you  are  feeding  for 
market,  special  information  and  advice  will  be 
given  by  letter.    Address  our  nearest  office. 

CONSIGN  YOUR  LIVE  STOCK  TO 

CLAY,  ROBINSON  &  CO. 

LIVE  STOCK  COMMISSION 

Chicago,  E.  Buffalo,  Kansas  City,  S.  St.  Joseph, 
E.  St.  Louis,  S.  Omaha,  S.  St.  Paul,  Sioux  City, 
Denver,  Ft.  Worth,  El  Paso 
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HENRY  WARD  BEECHER'S  CREED 

"We  believe  in  large  crops  which  leave  the  land  better  than  they 
found  it — making  the  farmer  and  the  farm  both  glad  at  once. 

"We  believe  in  going  to  the  bottom  of  things  and,  therefore,  in 
deep  plowing  and  enough  of  it. 

"We  believe  that  every  farm  should  own  a  good  farmer. 

"W^e  believe  that  the  best  fertilizer  for  any  soil  is  a  spirit  of  in- 
dustry, enterprise,  and  intelligence.  To  this  we  believe  in  adding  any 
fertilizer  elements  that  will  profitably  increase  production. 

"We  believe  in  good  fences,  good  barns,  good  farm  houses,  good 
stock,  good  orchards,  and  children  enough  to  gather  the  fruit. 

"We  believe  in  clean  kitchen,  a  clean  cupboard,  a  clean  dairy,  and 
a  clean  conscience. 

"We  firmly  disbelieve  in  farmers  who  will  not  improve ;  in  farms 
that  grow  poorer  every  year ;  in  starving  cattle ;  in  farmers'  boys 
turning  into  clerks  and  merchants ;  in  farmers'  daughters  unwilling 
to  work,  and  in  all  farmers  ashamed  of  their  vocation  or  who  drink 
whiskey  until  honest  people  are  ashamed  of  them." 
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SOME  EXTREMES  FOUND  IN  OHIO  SOILS 

Comparison  of  the  Lands,  Crops  and  Experiments  in  Clermont  and  Paulding 
Counties :  Their  Response  to  the  Use  of  Fertilizers  and  the  Fer- 
tility Problems  of  Each  Section. 

CHARLES  E.  THORNE,  Director,  Ohio  Agricultural  Experiment  Station,  Wooster,  Ohio 


AGRICULTURALLY,  Clermont 
County  is  one  of  the  oldest  conn- 
ties  in  Ohio.  Adjoining  Hamilton,  in 
which  Cincinnati  is  located,  and  with 
a  large  frontage  on  the  Ohio  river,  it 
has  had  the  advantage  of  a  good  mar- 
ket. It  was  settled  at  an  early  date, 
and  since  1850  there  has  been  no  in- 
crease in  the  area  _ 
devoted  to  the 
cereal  crops. 

The  topography 
of  Clermont  Coun- 
ty is  very  hilly 
along  the  Ohio 
river  and  the  two 
branches  of  the 
Little  Miami,  but 
a  large  part  of  the 
interior  is  occu- 
pied by  a  level  pla- 
teau, lying  several 
hundred  feet 
above  the  bottom 
lands  of  the  val- 
leys Much  of  this 
upland  is  so  flat 
that  it  was  originally  covered  v/ith 
water  a  large  part  of  the  year,  until  the 
forest  was  cut  away,  when  the  decay- 
ing roots  furnished  drainage  channels 
and  the  land  became  dryer.  But  with 
continued  cultivation  these  drainage 
channels  have  been  obliterated  and  the 
land  now  stays  wet  until  late  in  the 
spring. 

The  surface  soil  of  the  upland  is  a 


fine-grained,  gray  or  yellowish-gray  silt 
loam.  Very  little  drainage  has  been 
done  in  this  region,  the  opinion  being 
prevalent  that  tile  drains  will  not  work 
successfully,  either  through  failure  of 
the  water  to  find  its  way  to  them  or 
through  filling  up  with  silt. 

The  Clermont  County  experiment 
farm  was  located 
on  this  upland  soil 
in  ."S911,  fronting 
the  old  turnpike 
between  Cincin- 
nati and  Hillsboro 
and  25  miles  from 
Cincinnati.  For 
half  a  century  its 
principal  crop  had 
been  timothy  hay, 
grown  chiefly  for 
the  C  i  n  c  i  n  nai;i 
market,  and  as  a 
preparation  for  its 
work  it  is  being 
thoroughly  drained 
with  tile.  If  it 
should  prove  im- 
possible to  drain  this  land,  the  wisest 
use  that  could  be  made  of  it  would  be 
to  return  it  to  forest.  The  price  paid 
for  this  farm  was  $50  per  acre. 

Paulding  County  was  not  organized 
as  a  separate  county  until  1820,  and 
in  1840  its  population  was  only  1025 — 
being  less  at  that  time  than  that  of  any 
other  county  in  the  State.  Its  topog- 
raphy is  that  of  a  flat  plain,  which  was 
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originally  covered  much  of  the  year 
with  water,  and  was  occupied  with  an 
unbroken  forest  of  elm  and  other  semi- 
aquatic  trees.  The  conditions  were  such 
over  most  of  the  county  as  to  necessi- 
tate the  construction  of  large  open 
ditches  or  canals,  sometimes  several 
miles  in  length,  to  serve  as  outlets  for 
the  farm  drains;  enterprises  requiring 
special  legislation  and  cooperative  ef- 


the  bottom.  These  ditches  are  in  the 
sw^ales  or  lowest  places,  often  not  dis- 
cernible to  the  eye,  and  which  the  en- 
gineer's level  alone  can  detect.  Thou- 
sands of  acres  are  now  drained  and  in 
time  the  entire  county  will  be  so,  when 
it  will  be  one  of  the  most  level  and  fer- 
tile tracts  anywhere,  producing  enor- 
mous crops,  especially  grass." 

The  soil  of  the  larger  part  of  the 


TABLE  I — Ten-year  Average  Acreage  and    Yield  Per  Acre  of  Corn,  Oats  and  Wheat. 


Clermont  County. 

l^aulding 

County. 

PERIOD. 

Acres. 

Bushels. 

Acres. 

Bushels. 

Corn — 

1850-59   

35,599 

33.3 

2,810 

31.8 

1860-69   

35,563 

28.8 

4,690 

28.9 

1870-79   

40,832 

30.0 

9,656 

29.3 

1880-89   

35,772' 

26.6 

13,565 

31.4 

1890-99  

35,377 

25.5 

32,122 

38.1 

1900'-09   

36,781 

24.8 

46,710 

38.6 

Wheat— 

1850-59   

22,607 

11.8 

1,208 

11.1 

1860-69   

21,488 

8.8 

3,493 

10.9 

1870-79   

16,048 

10.2 

5,805 

12.8 

1880-89   

18,630 

8.9 

11,722 

12.5 

1890-99   

21,751 

9.9 

16,952 

12.9 

1900-09  

12,874 

11.1 

13,101 

16.4 

Oats — 

1850-59   

10,240 

345 

13.4 

1860-69   

13,563 

19!  7 

861 

19.7 

1870-79   

13,344 

18.8 

3,026 

26.2 

1880-89   

13,369 

18.7 

4,248 

28.3 

1890-99   

8,057 

16.9 

9,013 

32.9 

1900-09   

9,836 

20.1 

31,603 

35.6 

foit,  and  it  was  near  Ihe  end  of  the 
century  before  any  general  system  of 
drainage  was  in  operation.  "Writing  in 
1886,  Howe,  in  his  "Historical  Collec- 
tions of  Ohio, ' '  says  : 

"The  county  is  being  ditched  exten- 
sively under  the  State  statutes.  An 
engineer  appointed  by  the  county  com- 
missioners lays  out  the  ditches  and  dic- 
tates the  dimensions.  They  vary  from 
3  to  6  feet  deep  and  from  7  to  20  feet 
in  width,  and  from  6  to  9  feet  wide  at 


county  is  classified  as  Clyde  clay,  a 
dark  brown  to  almost  black,  heavy  or 
silty  clay,  very  sticky  when  wet  and 
becoming  so  hard  when  dry  that  it 
plows  up  in  clods  difficult  to  pulverize. 
There  is  probably  no  soil  in  Ohio,  ex- 
cepting some  of  the  red  clays  in  the 
southeastern  counties,  for  which  the 
optimum  time  for  plowing^ — between 
the  too  wet  and  the  too  dry — is  so  short 
and  of  such  importance  as  for  the  Clyde 
clay.    When  worked  in  proper  condi- 
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tion  this  soil  is  productive,  and  the 
drained  lands  of  Paulding  County  have 
attained  a  very  high  market  value. 

Howe  states  that  as  late  as  1878  wild 
timbered  lands  could  be  bought  within 
four  miles  of  Pauding  for  from  $1:  to  $6 
per  acre,  and  that  in  1886  improved 
lands  were  held  at  $30  to  $50.  But  by 
1911,  when  the  county  experiment  farm 
was  located,  the  forest  had  disappeared, 
except  for  small  groves  here  and  there. 
The  countv  was  crossed  in  both  direc- 


small  orchard,  two  large  open  ditches 
and  some  tile  drains,  which  were  too 
far  apart  and  too  shallow  for  effective 
service. 

The  cereal  production  in  Clermont 
and  Paulding  Counties  for  the  60  years 
for  which  statistics  have  been  collected 
is  shown  by  10-year  averages  in  Table  1 : 

Table  1  shows  that  the  area  in  corn, 
oats  and  wheat  had  practically  reached 
its  maximum  in  Clermont  County  by 
1850,  whereas  in  Paulding  Countv  it 


Fertilized  and  Unfertilized  Plots  of  Corn  on  Clermont  County  Experiment  Farm 


tions  by  well  made  roads,  many  of  them 
macadamized  and  often  having  great 
ditches  alongside ;  many  of  the  farms 
had  been  tile  drained  with  lines  four 
to  six  rods  apart,  and  such  lands  were 
held  at  $150  to  $200  per  acre,  while  the 
average  valuation  for  the  county,  as 
given  in  the  census  of  1910,  was  $87.37, 
as  against  $31.39  in  Clermont  County. 

A  tract  of  this  description,  contain- 
ing 92  acres,  from  which  the  timber  had 
all  been  removed,  was  purchased  for 
the  experiment  farm  at  il75  per  acre. 
It  contained  no  improvements  except  a 


did  not  reach  this  point  until  50  years 
later.  During  the  first  half  of  the  60 
years  the  yield  per  acre  of  corn  was 
greater  in  Clermont  than  in  Paulding 
County,  but  during  the  last  half  the 
yield  in  Clermont  has  fallen  off,  while 
that  in  Paulding  has  increased.  Com- 
paring by  30-year  periods,  there  has 
been  in  the  corn  crop  an  average  loss 
of  five  bushels  per  acre  in  Clermont  and 
a  gain  of  six  bushels  in  Paulding,  and 
in  the  wheat  crops,  a  drop  from  10.3  to 
10  bushels  in  Paulding.  Apparently  the 
vield  of  oats  has  remained  stationarv 
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at  20  bushels  or  less  per  acre  in  Cler- 
mont County  and  has  gained  12.5  bush- 
els in  Paulding  County. 

Four  questions  suggest  themselves 
respecting  the  present  condition  of 
agriculture  in  these  flat  lands. 

1.  Are  the  larger  yields  in  Pauld- 
ing County  wholly  due  to  natural  su- 
periority of  soil,  or  has  the  better  drain- 


rotation,  manuring  and  fertilizing,  to 
obtain  as  large  a  net  increase  from  the 
Clermont  as  from  the  Paulding  soil, 
taking  into  account  the  difference  in 
rental  value? 

4-  How  may  the  rate  of  yield  in 
Paulding  County  be  maintained  or  fur- 
ther increased? 

In  order  to  obtain  some  light  on  these 


TABLE  II — Plan  of  Fertilizing  in  Corn,  Oats  or  Soybeans,  Wheat,  Clover  Rotation, 
Paulding  and  Clermont  County  Experiment  Farms. 


Plot  No. 

On  Corn. 

Pounds  Per  Acre. 

On  Oats  or  Soybeans. 

On  Wheat. 

Acid 

Phosphate. 

Muriate 
of  Potash. 

Nitrate 
of  Soda. 

Ground 
Limestone. 

Acid 

Phosphate. 

Muriate 
of  Potash. 

Nitrate 
of  Soda. 

Acid 

Phosphate. 

Muriate 
of  Potash. 

Nitrate 

of  Soda.  ^1 

1 

2 

200 

100 

200 

3 

200 

50 

100 

20 

200 

20 

4 

5 

200 

50 

50 

100 

20 

30 

200 

20 

80 

6 

200 

50 

50 

2,000 

100 

20 

30 

200 

20 

80 

7 



8 

Phos.t 

manure 

8  tons 

200 

50 

50 

9 

Phos. 

manure 

8  tons 

2,000t 

200 

50 

50 

10 

^Manure  not  phosphated  for  Plot  8  in  Paulding  County. 
tNo  limestone  on  Plot  9  in  Paulding  County. 


age  in  that  county  been  an  important 
factor  in  increasing  the  yields? 

2.  May  the  present  rate  of  produc- 
tion in  Paulding  County  be  expected  to 
continue  indefinitely,  or  is  it  probable 
that  a  decline  in  yield,  similar  to  that 
which  has  occurred  in  Clermont  County, 
will  take  place  after  the  land  has  been 
as  long  in  cultivation  as  has  that  in 
the  latter  county? 

3.  Is  it  possible,  by  drainage,  crop 


questions,  a  four-year  rotation  of  corn,, 
oats  or  soybeans,  wheat  and  clover^ 
was  begun  on  the  experiment  farm  in 
each  county  in  1912,  the  second  crop  in 
the  rotation  being  oats  in  Paulding 
County  and  soybeans  in  Clermont 
County. 

Pour  blocks  of  land.  A,  B,  C  and  D, 
containing  10  plots  each,  are  included 
in  the  experiment,  so  that  each  crop 
will  be  grown  every  season  after  the 
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first  rotation.  The  plots  contain  one- 
tenth  acre  each  and  receive  fertilizers, 
lime  and  manure  according  to  the  plan 
shown  in  Table  II,  the  treatment  in 
both  experiments  being  the  same,  ex- 
cept that  in  the  Paulding  County  test, 
plot  8  receives  untreat.-d  manure  and 
plot  9  is  not  limed. 

Although  the  crops  have  not  all  come 
under  the  plan  of  treatment  as  yet,  and 
therefore  cannot  show  its  full  effect, 
it  is  interesting  to  study  the  results 
thus  far  obtained. 

The  Corn  Crops — In  starting  this  ex- 
experiment  in  Clermont  County,  corn 
was  grown  in  1912  on  block  D,  in  1913 
on  A  and  in  1914  on  B,  this  being  the 
first  fertilized  crop  on  each  block,  and 
being  grown  on  land  that  had  had  no 
clover  for  an  unknown  period.  The  aver- 
age yield  of  these  three  crops  ranged 
from  12  to  23  bushels  per  acre  on  the 
unfertilized  land,  which  had  apparently 
been  about  the  average  yield  of  this 
land  during  recent  years.  (The  average 
yield  for  the  county  as  a  whole  for 
1900-1909,  was  28.4  bushels  per  acre, 
but  this  average  includes  the  yields 
of  the  valley  lands,  where  the  corn 
crop  is  chiefly  produced).  The  highest 
point  reached  on  the  fertilized  or  ma- 
nured land  in  the  experiment  during 
these  three  years  was  37.7  bushels  for 
the  complete  fertilizer  and  limestone 
and  35.7  bushels  for  the  manure  and 
limestone,  in  1913. 

Wheat  was  grown  on  block  C  in  the 
fall  of  1912,  and  was  followed  by  a 
very  light  crop  of  clover,  but  the  corn 
crop  of  1915,  grown  on  this  block,  had 
the  advantage  of  the  residues  of  ferti- 
lizer left  by  the  wheat,  and  of  the  small 
clover  crop,  and  was  able  to  reach  a 
yield  of  27  bushels  per  acre  on  the  un- 
fertilized land,  and  of  65  bushels  on 
the  average  of  the  two  manured  plots. 

How  much  of  this  year's  outcome 
may  be  due  to  exceptionally  favorable 


seasonal  conditions  remains  for  the  fu- 
ture to  determine,  but  in  the  average 
of  the  four  years  the  cost  of  most  of 
the  applications  has  been  recovered  in 
the  corn  crop,  without  considering  the 
effect  on  the  following  crops  of  the 
rotation. 

In  the  Paulding  County  experiment 
no  definite  effect  can  be  traced  to  fer- 
tilizers, lime  or  manure,  the  yield  on 
the  treated  land  being  as  often  below 
as  above  that  on  the  unfertilized  land. 
The  highest  yields  attained  in  this  test 
were  in  1912,  when  the  average  of  the 
ten  plots  was  63  bushels  per  acre,  or 
slightly  less  than  the  highest  yields 
reached  in  the  Clermont  County  test 
on  the  manured  land.  Whether  such 
yields  can  be  maintained  on  the  Cler- 
mont soil  is  for  the  future  to  determine. 

The  Soybean  Crops — Because  of  lack 
of  facilities  for  threshing  the  soybeans,, 
the  total  product  is  reported  as  hay  in 
Table  III.  Each  of  the  three  crops 
thus  far  grown  in  their  regular  place 
in  the  rotation  has  been  grown  on  land 
not  previously  occupied  with  this  crop,, 
and  the  yields  have  been  light.  The 
possibilities  of  the  soybean  crop,  ho^v- 
ever,  are  shown  by  a  crop  grown  in  1915 
in  place  of  clover,  which  had  failed,  thus 
bringing  the  beans  on  the  same  land 
in  1913  and  1915.  The  average  unferti- 
lized yield  of  this  crop  was  two  tons 
of  total  produce  per  acre,  and  more 
than  three  tons  was  taken  from  the 
manured  land,  as  against  less  than  half 
these  yields  for  the  same  season  on  land 
on  which  soybeans  had  not  previously 
been  grown. 

The  Oat  Crops  in  the  Pauldkig  Coun- 
ty test  indicate  a  slight  increase  in  yield 
from  the  fertilizers  carrying  both  nitro- 
gen and  potassium,  but  the  results  are 
too  irregular  to  justify  definite  conclu- 
sions. 

The  Wheat  Crops  have  averaged,  on 
the  unfertilized  land,  7.0,  4.4  and  13.2 
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bushels  per  acre  in  the  Clermont  Conn- 
ty  test  for  1913,  1914  and  1915,  respec- 
tively, as  against  42.1,  27.3  and  43.1 
bushels  in  the  one  in  Paulding  County. 

In  the  Clermont  test  every  treatment 
with  fertilizers  or  manure  has  increased 
the  yield,  the  maximum  being  29.3 
bushels  for  the  complete  fertilizer  and 
limestone  and  29.7  bushels  for  phos- 
phated  manure  and  limestone  in  1915. 

In  the  Paulding  test  the  yields  of 


all  the  fertilizing  applications,  the 
yields  being  28.6  bushels  for  phos- 
phorus, 28.2  for  phosphorus  and  potas- 
sium, 33.7  for  the  complete  fertilizer 
without  lime,  30.8  for  the  same  with 
lime,  32-7  for  manure  alone  and  31.4 
for  manure  with  lime.  But  with  a 
three-year  average  yield  on  unfertilized 
land  of  37.5  bushels,  it  is  not  to  be  ex- 
pected that  much  further  increase  can 
be  obtained. 


TABLE  III — Clermont  County  Experiment  Farm:    Average  Results  for  First  Four  Years. 


Average  Yield  Per  Acre. 

ot  No. 

Treatment. 

Corn, 
Bushels, 

a  . 

B 

heat, 
ishels. 

anual 
a,lue  of 
'oduce. 

anual 
)St  of 
:  eatment. 

(X)  ^ 

m  ^ 

TO  o 

18.9 

1,346 
1,533 

8.5 

2,271 

$  8.80 

$  .... 

$  8.80 

2 

Phosphorus  .... 

25.5 

12.4 

2,726 

11.30 

0.90 

10.90 

3 

Phosphorus 
Potassium   

27.4 

1,457 

13.7 

2,618 

11.60 

1.45 

10.15 

5 

Phosphorus 
Potassium 

Nitrogen  

31.7 

1,827 

17.9 

3,059 

14.10 

2.65 

11.55 

6 

Phosphorus 
Potassium 

Nitrogen 

32.5 

2,187 

19.5 

3,033 

14.97 

4.15 

10.82 

8 

Manure 

Phosphated  .... 

39.4 

1,877 

16.1 

4,115 

16.04 

3.60 

12.44 

9 

Manure 

Phosphated 
Limestone   

39.5 

1.823 

19  2 

4,385 

17.02 

5.10 

11.92 

w'heat  have  averaged  between  a  mini- 
mum yield  on  unfertilized  land  of  27.3 
bushels  per  acre  in  1914  and  a  maxi- 
mum of  48.3  bushels  for  untreated  ma- 
nure in  1915.  In  the  three-year  aver- 
age, fertilizers  carrying  nitrogen  and 
manure  have  apparently  produced  a 
slight  increase,  while  phosphorus  alone 
or  with  potassium  has  given  less  wheat 
than  the  untreated  land.  In  1914,  how- 
ever, with  an  unfertilized  yield  of  27.3 
bushels,  there  was  some  increase  from 


The  Clover  Crops — Clover  has  appar- 
ently been  a  stranger  on  the  Clermont 
County  farm  for  many  years.  The  first 
crop  to  come  under  experiment  was 
that  of  1914,  which  gave  an  average 
yield  of  331  pounds  per  acre  on  the 
unfertilized  land,  increasing  to  1400 
pounds  on  the  manured  land;  but  in 
1915  the  clover  failed  eatirely  and  was 
plowed  up  and  soybeans  were  sown  in- 
stead. The  beans  were  harvested  as 
hay,  making  two  to  three  tons  per  acre. 
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On  the  Paulding  Comitj^  farm  th^ 
two  crops  of  clover  have  averaged  370) 
pounds  per  acre  on  the  unfertilizel 
land,  but  both  lime  and  phosphorus, 
if  they  have  had  any  effect,  have  re- 
duced the  yield. 

The  average  outcome  of  the  two  ex- 
periments is  summarized  in  Tables  III 
and  IV,  in  which  corn  is  valued  at  50 
cents  per  bushel,  oats  at  33  cents,  wheat 
at  90  cents  and  hay — clover  or  soybean 
— at  $10  per  ton. 


be  of  equivalent  amounts  of  nitrogen, 
phosphorus  and  potassium  in  commer- 
cial fertilizers. 

Table  III  shows  that  in  the  Clermont 
County  test  exerj  application  of  ferti- 
lizing materials  has  brought  a  profit- 
able return,  the  value  of  the  produce 
being  increased  from  an  average  of 
$8.80  per  acre  on  the  unfertilized  land 
to  from  $10  to  $12  on  the  fertilized  and 
manured  land.  The  limestone  has  in- 
creased the  yield,  but  not  quite  enough 


Joe  Wing  Preaching  "Lime  for  the  Soil.'*   Director  Thome  in  Background. 


The  fertilizers  have  been  rated  at  $14 
per  ton  for  acid  phosphate,  $50  for  nm- 
riate  of  potash  and  $60  for  nitrate  of 
soda — prices  sufficiently  high  to  cover 
their  cost  before  the  European  war, 
and  to  which  they  will  probably  re- 
turn when  the  war  is  ended.  Powdered 
limestone  is  rated  at  $3  per  ton,  spread 
on  the  land,  and  manure  at  $1  per  ton. 
This  value  for  manure  is  more  than  its 
necessary  cost  when  produced  on  the 
farm,  though  less  than  the  cost  would 


as  yet  to  return  its  cost,  and  the  same 
may  be  said  of  the  potassium. 

Table  IV  shows  that  in  the  Paulding 
experiment  no  treatment  with  fertiliz- 
ers, lime  or  manure  has  as  yet  produced 
sufficient  increase  to  repay  its  cost.  In 
the  case  of  the  wheat  crop,  as  stated 
above,  we  could  hardly  expect  much  in- 
crease over  an  unfertilized  yield  of 
371/2  bushels,  but  the  yields  of  the  other 
three  crops  are  not  so  large  but  that 
thei'e  is  room  for  improvement.  As 
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stated  at  the  outset,  however,  this 
work  has  not  yet  been  carried  far 
enough  to  justify  definite  conclusions. 
It  seems  worth  while,  nevertheless,  to 
bring  together  the  results  of  the  first 
round  of  cropping  in  these  experiments 
to  serve  for  comparison  with  the  out- 
come of  future  work. 

At  6  percent,  the  annual  interest  on 
the  cost  of  an  acre  of  the  Paulding 
County  experiment  farm  would  be 
$10.50,  and  on  that  of  the  Clermont 


the  difference  would  hardly  offset  the 
interest  on  the  cost  of  the  Clermont 
County  land. 

At  this  stage  of  the  game,  therefore, 
it  would  seem  that,  as  a  business  prop- 
osition, the  Paulding  Coanty  farm  was 
a  better  investment  at  $175  per  acre 
than  the  Clermont  County  farm  at  $50; 
but  it  would  be  very  unwise  to  accept 
this  comparison  as  demonstrated,  for 
it  remains  to  be  seen  whether  the  rate 
of  production  in  Paulding  County  will 


TABLE  IV — Paulding  County  Experiment  Farm:    Average  Results  for  First  Four  Years. 


Treatment  of 
Previous  Crops. 


None   

Phosphorus 

Phosphorus 
Potassium 

Phosphorus 
Potassium 
Nitrogen  . . 

Phosphorus 
Potassium 
Nitrogen 
Lime   

Manure 
Phosphated 

Manure 
Phosphated 


Average  Yield  Per  Acre. 


o  r3 
Opq 


52.0 
47.3 

46.8 
53.8 

48.9 
52.9 
47.1 


49.0 
48.2 

51.2 
54.6 

52.6 
47.2 
46.1 


37.5 
36.0 

36.6 
41.2 

39.6 
41.1 
39.6 


3,700 
3,506 

3,834 
4.050 

3,653 
4,279 
3,872 


d  03  ^; 


o  a 

a  'd 

^  <D 

PI    O  fH 


6  0^ 

CD  3 


I 

?23.64    I  $  

I 

22.41  0.90 


23.14  1.45 

I 


25.61    I  2.65 

I 


23.97  4.15 


25.14 


2.00 


23.48    I  3.60 

I 


$23.64 
21.51 

21.69 
22.96 

19.82 
23.14 
19.88 


€ounty  farm  $3.  Deducting  $10.50 
from  $23.64,  the  value  of  the  unferti- 
lized yields  on  the  Paulding  County 
farm  would  leave  $13.14 — a  greater 
sum  than  the  net  value  of  the  produce 
in  any  of  the  treatments  in  Clermont 
County,  unless  manure  be  rated  at  less 
than  $1  per  ton,  without  making  any 
deduction  for  rent  or  interest. 

It  has,  of  course,  cost  more  to  har- 
vest and  market  the  Paulding  County 
than  the  Clermont  County  crops,  but 


be  maintained  without  some  expendi- 
ture for  fertilizers  or  manure,  and 
whether  that  of  Clermont  County  may 
not  be  advanced  to  a  higher  plane 
when  the  full  effect  of  treatment  shall 
have  had  time  to  become  manifest.  For 
example,  the  average  annual  gross  value 
of  the  increase  from  the  fertilizers  and 
manure  used  in  the  five-year  rotation 
at  Wooster  was  $5.31  per  acre  for  the 
first  5-year  period,  $5.89  for  the  second, 
$7.55  for  the  third,  $8.95  for  the  fourth. 
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HUMUS— THE  KEYSTONE  OF  FERTILITY 

How  a  Barren  Soil  Can  Be  Restored  to  Productiveness 

ALFRED  VIVIAN,  Dean,  College  of  Agriculture,  Ohio  State  University 


ANY  soil  wliieli  was  once  rich  can 
again  be  made  rich.  The  principal 
factor  in  restoring  the  fertility  of  the 
£cil  is  the  renewal  of  the  organic  mat- 
ter which  has  been  destroyed  by  con- 
stant tillage  and  cropping.  When  the 
original  amount  of  organic  matter  in 
the  soil  is  renewed,  the  soil  will  be  as 
feitile  as  it  was  in  the  beginning. 

A  comparison  of  the  chemical  analy- 
£:i3  of  several  virgin  Ohio  soils  with 
f.djacent  soils  which  have  been  cropped 
for  100  years  shows  that  more  than  one- 
third  of  the  organic  matter  of  the  soil 


and  it  is  a  matter  of  common  expe- 
rience that  the  crop  yields  are  more 
often  limited  hy  an  insufficient  supply 
of  available  water  than  by  any  other 
one  factor.  (2)  Organic  matter  im- 
proves the  physical  condition  of  the 
soil.  It  overcomes  the  stickiness  and 
tenacity  of  the  clays,  and  makes  the 
sandy  soils  more  compact  and  more 
able  to  hold  water.  In  other  words,  it 
converts  either  sand  or  eJay  into  loam, 
and  loam  is  a  word  to  conjure  with. 
(3)  Organic  matter  is  a  storehouse  of 
plant-food  especially  of  the  nitrogen 


has  been  destroyed.  The  decrease  in 
fertility  of  the  soil  has  been  coincident 
wuth  its  decrease  in  organic  matter. 

Why  is  organic  matter  essential  to  a 
fertile  soil?  (1)  It  increases  the  ca- 
pacity of  the  soil  for  holding  water  in 
a  form  in  which  it  is  available  to  plants. 
Organic  matter  absorbs  from  ten  to 
twelve  times  its  own  weight  in  water 
and  holds  this  water  so  loosely  that 
it  can  be  absorbed  by  the  root  hairs 
of  the  growing  plants.  An  increase  of 
one  percent  of  organic  matter  in  the 
-soil,  therefore,  gives  the  soil  the  ability 
"to  hold  at  least  ten  percent  more  water 


of  the  soil.  It  also  makes  possible  the 
life  and  action  of  the  innumerable  bac- 
teria found  in  the  soil.  During  the  de- 
composition of  the  organic  matter, 
various  acid  substances  are  formed 
which,  in  their  turn,  act  upon  the  min- 
eral matter  of  the  soil  and  convert  it 
into  forms  which  are  available  to  the 
plant.  Under  nature's  conditions,  it  is 
only  soils  well  stocked  with  organic 
matter  which  are  fertile.  One  of  the 
most  important  matters  to  be  consid- 
ered in  the  maintenance  of  soil  fertil- 
ity, then,  is  the  most  economic  method 
of  adding  organic  matter  to  the  soil. 
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This  may  be  done:  (1)  By  complete- 
ly utilizing  all  of  the  plant  residues. 
The  stubble  and  the  sod  should  be 
plowed  under  and  the  ground  should 
never  be  burned  over,  as  is  too  often* 
done.  All  straw  and  stalks  and,  in  fact, 
all  waste  organic  matter  of  the  farm 
should  be  incorporated  with  the  soil 
to  add  to  its  content  of  organic  matter. 

(2)  The  organic  matter  of  the  soil  can 
be  increased  by  proper  care  and  utili- 
zation of  the  manure  produced  on  the 
farm.  "When  crops  are  fed  to  animals, 
the  manure  contains  one-half  as  much 
organic  matter  as  was  contained  in  the 
crop,  and  if  the  manure  is  properly 
saved,  it  becomes  an  important  factor 
in  maintaining  the  yield  of  the  crops. 

(3)  Organic  matter  can  be  added  to 
the  soil  by  the  use  of  the  so-called 
''catch-crops."  These  are  plants  grown 
between  the  important  crops  of  the 
farm  for  the  purpose  of  providing  some 
green  material  to  plow  under.  The 
planting  of  rye  or  vetch  at  the  last  cul- 
tivation of  corn  is  the  most  familiar 
example  of  the  use  of  the  catch-crop. 
Under  some  conditions  of  farming  this 
method  may  prove  of  great  value  in 


keeping  up  the  fertility  of  the  soil. 
(4)  The  organic  matter  in  the  soil  may 
be  increased  by  the  method  commonly 
known  as  green-manuring.  In  this  case 
the  entire  growing  season  is  devoted 
to  the  production  of  the  crop  which 
is  plowed  under.  The  plant  most  ordi- 
narily used  for  this  purpose  is  clover, 
although  field  peas,  soybeans  and  cow 
peas  are  well  known  green-manuring 
crops.  Any  system  of  farming  which 
does  not  involve  the  feeding  of  animals 
will  probably  require  the  use  of  a 
green-manuring  crop  for  at  least  one 
year  in  the  rotation.  In  any  system  of 
animal  husbandry,  on  the  other  hand, 
the  feeding  value  of  the  crop  is  so 
high  that  only  under  extraordinary 
circumstances  will  it  be  sacrified  for 
the  purposes  of  green-manuring. 

The  successful  farmer  of  the  future 
will  be  the  man  who  will  study  his 
system  of  farming  with  a  view  of  ascer- 
taining its  effect  upon  the  organic  mat- 
ter of  the  soil,  and  who  will  make  such 
adjustment  of  his  system  as  will  in- 
sure the  return  to  the  soil  of  an  amount 
of  organic  matter  equivalent  to  that 
which  he  has  destroyed  by  tillage. 


Organic  Matter  Wasting  Away 
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TILLAGE— ITS  PRINCIPLES  AND  DANGERS 

How  Cultivation  Should  Conserve  the  Organic  Matter  in  Soil 

DR.  CHARLES  B.  LIPMAN,  University  of  California,  Berkely,  California 


WE  have  changed  the  form  of  the 
tillage  by  replacing  the  ancient 
pronged  stick  with  a  steel  plow,  and 
man  power  or  horse  power  with  steam 
power  and  electricity,  but  we  still  cling 
to  the  principal  traditionally  handed 
down  to  us  from  the  ancients  that  till- 
age is  beneficial  to  crop  production. 

Teachers  and  writers  on  tillage  and 
soil  management,  from  the  scientific  as 
well  as  practical  standpoints,  have  ever 
exhorted  the  farmer  to  plow  deeply 
^ind  to  cultivate  early,  frequently  and 


moisture,  percolation  is  of  course  re- 
duced and  smaller  quantities  of  sol- 
uble plant  food  components  are  carried 
away  from  the  soil  into  the  country 
drainage  and  ultimately  to  the  sea. 
Still  other  experiments  have  shown 
that  plowing  increases  the  quantity  of 
available  plant  food  in  the  soil,  and 
particularly  the  nitrate  supply,  through 
the  beneficial  effects  of  aeration  on  the 
nitrifying  and  ammonifying  bacteria. 

Plowing  is  the  necessary  and  most 
effective  mode   of  incorporating  ma- 


Tillage  Increases  the  Available  Plant  Food  in  the  Soil. 


thoroughly.  The  reasons  for  the  recom- 
mendation of  such  practices  are  to  be 
found  in  the  results  of  numerous  ex- 
periments of  many  soil  physicists  in 
all  parts  of  the  world.  Briefly,  such 
results  show  that  deep  plowing,  be- 
cause it  changes  a  more  or  less  com- 
pacted soil  layer  into  a  very  loose  and 
fluffy  one,  it  helps  to  aerate  and  warm 
the  turned  soil  itself,  as  well  as  the 
soil  below  it,  and  creates  a  much  larger 
amount  of  surface  upon  which  the 
water  of  falling  rain  and  snow  may  be 
caught  and  held.  By  thus  increasing 
the  soil's  power  to  catch  and  retain 


nure,  rubbish,  stubble  and  other  forms 
of  organic  matter  into  the  soil  and  of 
drying,  and  hence  warming,  wet  soils 
sufficiently  to  make  good  seed  beds  for 
germination  and  development  of  seeds, 
roots  and  soil  bacteria. 

From  the  point  of  view  of  cultiva- 
tion, the  reasons  are  as  follows:  It 
destroys  weeds,  which  rob  crops  of 
water  and  plant  food;  it  forms  a 
blanket  of  loose,  dry  soil,  known  as  an 
earth  mulch,  which  markedly  decreases 
evaporation  of  water  from  the  moist 
soil  beneath ;  by  its  frequent  use  it  pre- 
vents the  natural  compaction  of  even  a 
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dry  soil ;  lastly,  it  may  assist  in  increas- 
ing the  air  supply  for  the  soil. 

All  of  this,  however,  tells  only  part 
of  the  story.  Just  as  we  are  told  every 
right  carries  with  it  a  corresponding 
duty,  so  every  advantage  in  a  tillage 
operation  is  not  an  unmixed  benefit, 
any  more  than  is  every  disadvantage 
an  unmitigated  evil.  In  studies  on  the 
humus  and  nitrogen  economy  of  Minne- 
sota soils  which  are  constantly  cropped 
to  wheat,  Snyder  found  that  in  a  period 
of  eight  years  there  was  lost  over  one 
ton  of  humus  per  acre  at  a  conserva- 
tive average  estimate,  and  besides  1700 


The  right  kind  of  a  mulch  for 
moisture  conser\'ation  Is  granular — 
that  is,  the  dirt  should  not  be  pul- 
verized too  finely. 


pounds  of  nitrogen  per  acre,  about  1350 
pounds  of  which  were  lost  through 
denitrification,  gasification  or  leaching. 
Similarly,  Ladd,  at  the  North  Dakota 
Agricultural  Experiment  Station,  has 
noted  large  losses  of  humus  and  nitro- 
gen from  ''humus  rich"  prairie  lands 
of  that  state  under  the  tillage  manage- 
ment of  grain  land.  These  losses  do 
not  by  any  means  include  all  the  losses 
of  organic  matter  from  those  soils,  but 
merely  a  certain  portion  arbitrarily 
determined  and  named  "humus." 

Strangely  enough,  we  have,  in  a 
vague  way,  recognized  many  of  these 
facts  without  attempting  to  obviate 
the  dangers  to  which  they  point.  Hil- 


gard  particularly  has  called  attention 
to  the  losses  of  humus  and  nitrogen 
from  soils  which  accompany  constant 
tillage,  and  has,  perhaps,  in  this  prob- 
lem, as  in  many  others,  been  the  first 
to  foresee  its  significance  for  the  future 
of  arid  soils.  He  felt  confident,  how- 
ever, when  he  wrote  on  the  subject, 
that  green  manuring  and  the  ^  use  of 
barnyard  manure  when  available,  of- 
fered feasible  means  for  the  mainte- 
nance of  the  organic  matter  supply  in 
our  soils. 

Evidently,  whatever  benefits  accrue 
from  tillage,  they  are  accompanied  by 


The  wrong  kind  of  a  mulch.  The 
ground  is  almost  dust.  Such  a 
mulch   blows   away  easily. 


a  most  serious  disadvantage' — the  loss 
of  organic  matter  from  soils.  That 
this  is  a  most  serious  disadvantage  be- 
comes evident  to  the  practical  man 
when  he  notes  that,  through  constant 
tillage,  the  natural  Aveed  growth  be- 
comes sparser  and  sparser,  the  soil 
clods  and  bakes  when  dry  or  is  much 
more  sticky  when  wet.  It  ''runs  to- 
gether" badly.  In  beginning  with  a. 
virgin  soil  we  find  good  physical  condi- 
tions even  in  our  desert  lands,  but  soon, 
under  our  system  of  cultivation,  the 
structure  of  the  soil  becomes  more  and 
more  injured  in  the  manner  just  indi- 
cated. Tillage  becomes  more  difficult, 
annual  crops  decrease  in  yields  mark- 
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edly,  our  trees  show  sparser  foliage  of 
a  lighter  hue  and  make  less  growth, 
fruit  becomes  smaller  and  frequently 
less  in  quantity. 

Since  the  bad  phj-sical  conditions  in 
soils  just  described  result  from  the  loss 
of  organic  matter,  it  becomes  pertinent 
next  to  inquire  how  the  organic  matter 
is  lost  from  the  soil  and  why  tillage 
assists  such  losses.  Briefly,  the  elements 
of  organic  matter  become  oxidized  into 
gaseous  compounds,  which  dissipate 
into  the  atmosphere.  Thus,  for  exam- 
ple, one  of  the  chief  components  of  soil 
organic  matter  is  carbon.  This  is  read- 
ily oxidized  to  carbonic  acid  gas  and 


The  granular  mulch  rained  upon. 
Notice  that  a  slight  crust  is  formed 
on  the  surface.  A  peg-tooth  harrow 
will  break  up  the  crust. 

disappears  into  the  atmosphere.  So  it 
may  be  also  with  other  constituents  of 
the  soil  organic  matter.  Such  oxida- 
tion may  be  pureh"  chemical  or  it  may 
be  bio-chemical.  The  loss  of  the  jelly- 
like or  collodial  organic  compounds 
thus  accomplished  removes  the  cushion- 
like bodies  which  act  at  once  as  bar- 
riers to  the  intimate  contact  of  sand 
and  silt  grains  and  as  binding  mate- 
rials for  the  maintenance  of  such  sand 
and  silt  grains  into  loose  aggregates, 
to  which  we  give  the  name  "crumb 
structure."  But  destruction  of  crumb 
structure  means  a  collapse  of  the  soil 
^nd  a  change  from  a  fluffy  condition 
to  a  compact  one.    Constant  cultiva- 


tion along  with  high  temperatures  and 
long  dry  seasons  make  conditions 
which  are  particularly  favorable  for 
immense  losses  of  organic  matter,  as 
indicated,  hence  the  low  "humus"  con- 
tent of  arid  soils  and  hence  the  rapidity 
of  their  change  from  the  loose  condi- 
tion of  their  virgin  state  to  the  com- 
pact and  alternately  sticky  and  cloddy 
condition  which  characterizes  them  in 
their  tilled  state.  To  bring  home  with 
more  telling  effect  the  fact  of  such 
rapid  disappearance  of  organic  matter 
from  soils  under  the  activity  of  oxida- 
tion, I  need  but  inquire  if  the  reader 
has    noted    the    enormous  shrinkage 


The  dust  mulch  rained  upon.  The 
soil  particles  are  compact  and  close 
together,  forming  a  deep  crust. 


which  manure,  green  organic  matter, 
or  in  fact,  any  organic  matter,  suffers 
when  allowed  to  lie  in  the  open  for  any 
length  of  time  - 

From  all  this  it  would  appear  that 
we  can  no  longer  assert  without  quali- 
fication that  tillage  helps  to  aerate  soils, 
for  any  injured  soil  structure  such  as 
that  to  which  I  have  referred  must  re- 
sult finally  in  poor  aeration.  In  other 
Avords,  it  is  now  more  correct  to  say 
that  tillage  improves  temporarily  the 
air  conditions  in  the  soil  and  injures 
them,  especially  in  soils  in  which  the 
organic  content  is  low. 

That  a  certain  amount  of  air  is 
necessary  in  soils  is  beyond  cavil.  That 
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that  certain  amount  is  definitely  known 
and  its  functions  clearly  understood 
now  appears  altogether  doubtful.  The 
writer,  in  common  with  many  others, 
has  always  taught  that  roots  must  have 
air,  just  as  animals  and  man  must  have 
it,  but  recent  careful  thought  and  ob- 
servation renders  it  very  doubtful  if 
that  is  the  case  as  stated.  If  roots  must 
have  as  free  a  supply  of  air  as  animals, 
it  seems  strange  that  some  of  them  can 
subsist  normally  at  depths  of  ten, 
twenty,  thirty  or  seventy  feet.  This 
fact  would  seem  to  indicate  rather  that 
small'  quantities  of  oxygen  are  sufficient 
for  normal  root  development.  We  know 


The  granular  mulch  rained  upon 
and  left  standing  for  a  number  of 
days.  Observe  that  the  ground  is 
cracking,  and  that  moisture  is  es- 
caping through  these  cracks.  The 
crust  can  be  easily  broken. 

besides  from  experiments  that  even 
germinating  seeds,  which  are  most  sus- 
ceptible to  a  lack  of  air,  can  have  their 
oxygen  supply  reduced  to  1-32  of  the 
normal  amount  in  air  before  injury  be- 
comes manifest.  Yet  we  know  that  in 
a  puddled  or  compact  soil  plants  will 
not  do  well.  Putting  these  two  things 
together  we  must  conclude  that  not 
the  roots  of  plants,  but  other  things  in 
the  soil  are  so  easily  affected  by  a  lack 
of  oxygen.  We  know  definitely  what 
at  least  some  of  these  things  are.  The 
bacteria  which  change  organic  nitrogen 
over  into  nitrates  for  plant  uses  must 
have  a  free  supply  of  oxygen.  The 


bacteria  of  several  kinds  which  fix  ni- 
trogen from  the  atmosphere  must  have 
not  only  oxygen,  but  also  nitrogen. 
Many  other  forms  of  micro-organisms 
in  the  soil,  upon  which  depend  the  so- 
lution of  minerals  essential  to  plant 
growth,  the  oxidation  of  harmful  to 
innocuous  soil  constituents,  and  many 
other  processes  which  I  could  mention, 
must  have  a  free  supply  of  air.  It 
seems,  therefore,  that  air  is  needed  in 
large  quantity  for  the  soil  and  its  teem- 
ing population,  but  probably  only  in 
very  small  quantity  for  the  roots  of 
plants  themselves. 

While  the  temporary  effects  of  plow- 


moisture  is  escaping  very  rapidly. 
It  is  impossible  to  work  up  this 
seed  bed  properly. 

ing  and  cultivating  are  to  conserve 
moisture  and  to  improve  aeration  in 
soils,  their  permanent  effects  are  to 
assist  in  the  rapid  oxidation  of  the  car- 
bon and  nitroigen  in  soils,  which  result 
in  what  King  has  termed  a  "dry  pud- 
dling," and  besides  in  a  loss  of  that 
most  important  element,  nitrogen.  Such 
a  destruction  of  the  organic  matter  and 
derangement  in  the  soil's  structure 
must  be  followed  by  increasingly  poor- 
er aeration  and  a  content  of  moisture 
which  is  either  too  great  or  too  small 
for  proper  bacterial  and  root  activi- 
ties. Are  we  going  to  abandon  tillage 
or  any  phase,  partially  or  wholly,  and 
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if  so,  wliat  will  take  its  place  in  the 
bestowal  of  the  benefits? 

In  orchard  land  we  must  conserve 
the  organic  matter  ia  one  of  two  ways, 
either  by  supplementing  green  manur- 
ing and  tillage  with  a  mulch  during  the 
summer  of  manui'e,  straw,  leaves  or  any 
other  efficient  moisture  conserver,  or 
give  up  tillage  altogether  and  keep  the 
orchard  soil  mulched  the  year  round. 
We  may  modify  the  last  procedure  by 
using  it  for  a  period  of  three  years  fol- 
lowing by  tillage  one  or  two  years,  and 
then  going  back  to  the  year  round 
mulching  system.    In  other  words,  we 


and  should  give  even  better  results. 
So  far  as  cereals  (not  hoed)  are  con- 
cerned, of  course  our  procedure  must 
be  different.  Manifestly  we  cannot 
mulch  certain  grain  crops  without  los- 
ing the  use  of  part  of  the  land.  We 
must  therefore  employ  quantities  of  or- 
ganic matter  to  plow  under  which  are 
so  much  larger  than  usual  as  to  make 
up,  so  far  as  possible,  for  the  rapid 
oxidation  which  tillage  produces  in 
such  lands.  Moreover,  in  fallowing 
such  land  we  can,  after  plowing  and 
cultivating,  mulch  the  surface  of  the 
soil  and  leave  it  so  until  the  time  for 


Undisked  stubble  plow  ed.  Observe 
that  the  ground  is  turned  up  in 
lumps,  that  there  are  open  spaces 
at  the  bottom  of  the  furrow  which 
prevent  the  close  compactness  of  the 
lower  portion  of  the  turned  furrow 
with  the  soil  beneath. 

are  dealing  with  a  general  principle  of 
organic  matter  conservation  by  a  par- 
tial or  complete  mulching  system  which 
means  a  saving  of  moisture,  a  greater 
uniformity  of  temperature  throughout 
the  year,  greater  bacteriological  activ- 
ity, hence  of  a  better  supply  of  avail- 
able plant  food  and  of  the  use,  instead 
of  non-use,  of  the  most  valuable  layer 
of  the  soil — the  surface  layer. 

So  far  as  other  crops  are  concerned, 
we  may  use  the  mulching  system  in 
some  and  not  in  others.  For  example, 
in  the  case  of  hoed  crops  and  small 
fruits,  the  same  system  can  be  used 
which  is  recommended  for  orchards. 


Disked  stubble  plowed.  The  mulch 
formed  hy  the  disk  harrow  fills  up 
the  open  spaces  at  the  bottom  of  the 
furrow,  thereby  forming  a  close  con- 
nection with  the  sub-surface. 


seeding  has  arrived.  It  is  my  opinion 
that  a  system  of  deep  plowing,  heavy 
green  manuring  and  mulching  will  not 
only  maintaui  high  yields  in  our  grain 
fields,  but  that  it  can  be  made  instru- 
mental in  increasing  the  yields  on  our 
misnamed  ''exhausted"  soils. 

'Wherever  we  can,  by  other  means, 
maintain  in  good  proportions,  our  or- 
ganic matter  supply  and  still  employ 
tillage,  that  the  old  principles  of  tillage 
may  still  be  regarded  as  sound  and 
worthy  of  application;  on  the  other 
hand,  where  organic  matter  wears  out 
or  oxidizes  away  faster,  or  as  fast,  as 
we  can  replace  it,  untold  injury  is 
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wrought  by  tillage  operations.  Then 
the  principles  of  tillage  and  their  appli- 
cation must  be  discarded,  in  whole  or 
in  part,  depending  upon  the  peculiari- 
ties of  practical  management  which 
may  be  characteristic  in  specific  cases. 
In  orchard  practice,  particularly,  but 
also  in  the  vineyard,  in  the  berry  patch 
and  in  the  truck  patch,  we  shall  have 
to  resort  to  better  methods  of  incorpo- 
rating organic  matter  in  the  first  place, 
and  in  the  second  place,  of  conserving 
with  it  the  proper  moisture  conditions. 


Plowed  field,  disked  and  harrowed. 
Tliere  is  a  deeper  seed  bed  on  the 
surface,  but  many  hard  clods  and 
air  spaces  are  in  the  bottom  of  the 
furrow. 


the  proper  bacteriologicial  conditionts 
and  the  proper  chemical  and  physical 
conditions  essential  to  the  maintenance 
of  the  soil's  fertility. 

.The  nature  of  the  mulching  material 
will  vary  considerably,  and  much  ex- 
perimenting may  still  be  done  with  dif- 
ferent kinds  of  cheap  mulching  mate- 
rials that  may  be  found  to  be  effective, 


but  in  principle  anything  that  will 
thoroughly  cover  the  soil  will  bring 
about  the  advantages  which  are  named 
above  from  such  a  practice.  In  the  case 
of  crops  like  our  grain  crops,  undoubt- 
edly other  measures,  such  as  the  incor- 
poration into  the  soil  of  very  much 
larger  quantities  of  organic  matter 
than  we  would  normally  incorporate 
may  have  to  be  resorted  to,  but  in  any 
case,  we  cannot  expect  to  grow  grain 
and  large  crops,  under  ordinary  soil 
conditions,  without  the  incorporation 


.  Disked  stubble  plowed  and  disked 
before  harrowing-.  Observe  the  com- 
pact condition  of  the  soil,  that  the 
air  spaces  are  completely  filled  U|?, 
and  that  the  ground  is  in  first-class 
condition. 

of  plenty  of  organic  matter.  It  may 
prove  feasible,  even  under  the  condi- 
tions of  grain  fields,  to  use  the  stubble 
and  to  use  the  straw  as  mulching  ma- 
terial immediately  following  harvest- 
ing for  the  preservation  of  good  condi- 
tions within  the  soil  itself,  until  the  fol- 
lowing season. 
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THE  NATURE  AND  CAUSE  OF  SOIL  ACIDITY 

How  Disintegration  and  Weathering  Produces  Toxic  Elements 

E.  TRUOG,  Soil  Chemist,  University  of  Wisconsin,  Madison,  Wisconsin 


SOIL  acidity  is  believed  to  be  the 
greatest  immediate  soil  problem 
confronting  the  majority  of  the  farm- 
ers in  the  eastern  half  of  the  United 
States.  Farmers  and  scientists  noticed 
long  ago  that  soils  well  supplied  with 
lime  were  usually  much  more  produc- 
tive than  the  acid  ones.  While  some 
crops  are  not  directly  injured  by  an 
acid  condition,  others,  including  the 
most  valuable  legumes,  are  greatly  af- 
fected.   A  long  continued  condition  of 


various  combinations  make  up  all  the 
different  things  found  on  this  earth. 
Iron,  potassium,  calcium,  phosphorus, 
magnesium,  sulphur,  carbon,  hydrogen, 
oxA^gen  and  nitrogen  are  elements. 
Practically  all  the  elements  are  found 
in  soils,  some,  of  course,  in  very  small 
amounts.  The  ten  elements  named  are 
the  ones  which  are  found  in  plants  and 
animals.  One  peculiar  property  of  ele- 
ments is  that  they  will  unite  with  each 
other  and  form  different  compounds 


"3Iaking-  Bread  from  Stones."    Field  of  whtrai: 
on     state    Normal     School     Farm,  Bowling: 
Green,  Ky..  which  shows  result  of  raw  limestone  and 
phosphate  treatment,  after  three  failures  before  these 
were  used. 


soil  acidity  has  numerous  unfavorable 
effects  on  the  fertility  of  the  soil,  many 
of  which  are  still  poorly  understood 
and  much  less  appreciated.  The  de- 
velopment by  experiments  of  a  clear 
understanding  regarding  the  cause  and 
nature  of  soil  acidity  is  the  first  logi- 
cal step  in  working  out  rational  and 
profitable  treatments  for  soil  acidity 
as  found  under  varying  conditions  of 
crops,  soil  and  climate. 

After  years  of  experimentation  scien- 
tists have  found  that  soils  are  composed 
of  eighty  different  elements,  which  by 


and  substances,  such  as  wood,  leather, 
sand,  clay,  etc.  In  explosions  elements 
combine  and  react  with  tremendous 
vigor. 

Another  peculiar  thing  is  that  nearly 
all  elements  unite  with  oxygen,  form- 
ing either  acids  or  bases.  Thus,  phos- 
phorus combines  with  oxygen  and  forms 
phosphoric  acid ;  potassium  with  oxy- 
gen, forming  potash,  a  basic  substance ; 
and  calcium  with  oxygen,  forming  lime, 
which  is  another  base.  In  the  soil  then, 
there  are  a  large  number  of  different 
acids  and  bases.    Still  another  peculiar 
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thing  is  that  acids  and  bases  unite  with 
each  other  and  form  neutral  sub- 
stances called  salts.  Common  cooking 
salt  is  an  example.  Thus  lime  and 
phosphoric  acid  unite,  forming  a  neu- 
tral salt,  called  calcium  phosphate.  The 
phosphorus  in  rock  phosphate  is  in  the 
form  of  calcium  phosphate.  If  part 
of  the  calcium  is  removed  from  this 
phosphate,  there  is  left  acid  phosphate, 
which  is  acid  to  different  tests.  Thus 
elements  combine  to  form  acids  and 
bases,  and  the  acids  and  bases  unite  to 
form  neutral  substances  called  salts. 

The  elements  in  the  soil  are  com- 
bined in  this  way;  thus  the  soil  is 
largely  made  up  of  different  kinds  of 
salts.  The  salts  in  a  soil  are  of  many 
different  kinds  and  have  all  sorts  of 
colors  and  properties.  Naturally  less 
base  in  proportion  to  acid  destroys  the 
balance,  and  the  soil  is  acid. 

The  cause  of  soil  acidity  was  for- 
merly attributed  entirely  to  organic 
acids  which  arise  from  decomposing 
organic  matter,  such  as  manure  and 
plants.  The  prevalence  of  acidity  in 
many  upland  soils  almost  devoid  of  or- 
ganic matter,  however,  could  not  be 
readily  explained  in  this  way,  and  re- 
cently the  writer  has  been  able  to  show 
that  these  soils  remain  acid  even  after 
the  organic  matter  in  them  has  been 
destroyed.  The  acidity  in  such  soils  is 
clearly  due  to  mineral  acids.  In  a  con- 
sideration of  the  cause  of  soil  acidity, 
acid  soils  may  conveniently  be  divided 
into  two  classes,  namely  the  poorly  aer- 
ated and  the  well  aerated.  The  poorly 
aerated  will  be  considered  in  the  fol- 
lowing paragraph. 

The  poorly  drained  peat  and  muck 
soils  make  up  the  major  portion  of  the 
poorly  aerated  acid  soils.  The  excess 
of  water  prevents  a  thorough  circula- 
tion of  air  into  the  soil,  and  under  this 
condition  considerable  amounts  of  or- 
ganic acids  are  formed,  leaving  an  acid 


condition.  If  the  surrounding  upland 
contains  considerable  limestone,  the 
drainage  and  seepage  water  may  bring 
in  enough  lime  carbonate  to  neutralize 
the  acid  formed,  leaving  neutral  or 
alkaline  peat  or  muck  soil.  Acid  peat 
and  muck  soils,  after  thorough  drainage 
and  cultivation,  usually  become  less 
acid,  due  to  th?  fact  that  soluble  acids 
may  leach  out  and  the  entrance  of  air 
makes  possible  the  gradual  decomposi- 
tion of  insoluble  organic  acids.  In  vir- 
gin clay  and  silt  soils  covered  with 
prairie  grass  or  hardwood  timber,  the 
return  of  dead  grass  and  leaves  fur- 
nishes a  covering  which  prevents  ready 
access  of  air;  hence,  organic  acids  may 
form  and  accumulate  unless  neutralized 
by  lime  carbonate  naturally  present  in 
the  soil.  When  this  type  of  soil  is 
brought  under  cultivation  the  organic 
acids  decompose  gradually  and  the 
acidity  due  to  them  disappears.  In 
time,  however,  a  new  acidity,  due  to 
mineral  acids,  may  be  developed. 

The  cultivated  upland  soils  make  up 
the  major  portion  of  the  well  aerated 
acid  soils.  Thoroughly  drained  and 
cultivated  lowland  mineral  soils,  and 
even  sandy  virgin  soils,  also  belong 
here.  This  class  of  acid  soils  is  of  far 
greater  extent  and  importance  than  the 
class  treated  in  the  previous  paragraph. 
The  acidity,  as  previously  stated,  is 
due  to  mineral  acids,  and  they  are  de- 
veloped as  follows: 

The  good  aeration  promoted  by  culti- 
vation causes  organic  matter  in  the 
form  of  manure  and  crop  residues  to 
decompose  rapidly  Under  these  condi- 
tions the  usual  organic  acids  causing 
acidity  in  poorly  aerated  soils  not  to 
accumulate,  but  decompose  and  form 
attacks  the  minerals  of  the  soil — the 
salts — and  as  a  result  the  basic  parts 
go  into  solution,  being  removed  not 
only  by  growing  plants,  but  also  to  a 
much  greater  extent  by  the  leaching 
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effect  of  the  soil  water  that  passes 
down  through  the  soil  after  each  rain. 
Nearly  one-half  of  the  rainwater  that 
falls  in  the  humid  region  passes  down 
through  the  soil  and  finally  emerges  in 
the  springs  that  feed  the  rivers  and 
lakes.  The  data  of  several  experiment- 
ers indicate  that,  on  an  average,  about 
three  to  five  hundred  pounds  of  bases, 
principally  lime,  per  acre,  are  annually 
leached  out  by  this  drainage  water. 
The  acid  parts  of  the  salts  are  usually 
much  less  soluble,  hence  the  greater  por- 
tions remain  and  produce  an  acid  con- 
dition unless  the  soil  contains  lime  car- 
bonate or  receives  it  artificially. 

By  a  long  continuance  of  these  pro- 
cesses even  soils  that  once  contained 
considerable  lime  carbonate  or  are  de- 
rived from  limestone,  may  become  acid. 
Practically  all  the  soils  of  the  eastern 
half  of  the  United  States  will  some  day 
become  acid  through  the  process  just 
explained.  A  few  comparatively  small 
areas  receive  lime  carbonate  in  the 
drainage  and  seepage  water  from  the 
surrounding  upland,  and  hence  are  not 
becoming  acid.  The  soils  of  the  arid 
region  are  not  leached  to  any  marked 
extent  and  the  bases  made  soluble,  as 
just  explained,  accumulate,  giving  rise 
to  strongly  alkaline  conditions. 

The  mineral  matter  in  soils  arises 
from  the  decomposition  of  rocks.  All 
of  us  have  seen  stone  quarries  in  which 
the  different  stages  of  rock  decomposi- 
tion or  weathering  are  represented. 
On  the  surface  is  usually  found  a  cov- 
ering of  soil  darkened  by  the  addition 
of  organic  matter  from  plant  residues. 
Below  this  the  soil  is  lighter  in  color 
and  gradually  takes  on  the  shade  of 
the  parent  rock  farther  below.  A  layer 
of  rotten  rock,  partially  weathered,  us- 
ually intervenes  between  the  soil  and 
hard  unaltered  rock.    The  weathering 


of  the  rocks  and  the  formation  of  the 
soil  in  a  case  like  this  has  probably 
taken  thousands  of  years.  If  the  sur- 
face soil  is  tested  it  may  be  found  acid, 
even  though  the  underlying  rock  be 
limestone.  If  the  parent  rock  is  sand- 
stone it  is  almost  certain  that  the  soil 
will  be  acid.  The  weathering  processes 
not  only  act  on  the  rocks,  but  continue 
to  act  at  an  even  much  greater  rate  In 
the  formed  soil,  and  make  the  mate- 
rials of  the  soil  soluble  and  available 
for  plant  use;  hence  are  absolutely  es- 
sential to  a  fertile  soil,  though  a  con- 
siderable amount  of  bases  not  used  by 
plants  are  lost  by  leaching. 

The  writer  has  been  able  to  demon- 
strate with  an  experiment  that  soils 
become  acid  by  the  process  of  weather- 
ing, as  explained.  A  sample  of  granite 
was  thoroughly  powdered  and  then 
tested  and  found  to  be  non-acid.  The 
powdered  material  was  then  treated 
and  leached  with  large  amounts  of  car- 
bonated water,  after  which  the  ma;o- 
rial  was  found  to  be  decidedly  aci^l. 
This  experiment  illustrates  the  forma- 
tion of  acid  soils  by  weathering.  When 
an  acid  soil  was  treated  in  this  way 
the  acidity  became  greater. 

The  general  development  of  acid  soils 
over  the  greater  portion  of  the  humid 
region  may  raise  the  question  as  to 
whether  or  not  there  is  danger  at  some 
far  distant  future  date  of  exhausting 
the  supply  of  limestone.  There  is  no 
danger,  since  the  bases  that  leach  out 
are  again  deposited,  pound  for  pound, 
in  seas  and  lakes  as  limestone.  The 
lime  carbonate  makes  a  complete  cycle. 
Nature  carries  it  from  the  field  to  the 
quarry,  and  it  is  man's  duty  to  carry 
it  from  the  quarry  to  the  field  in  order 
that  the  soil  may  be  kept  in  the  highest 
state  of  productivity. 
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THE  LIME  REQUIREMENTS  OF  SOILS 

How  Raw  Ground  Rock  and  Fertilizers  Restore  Fertility 

JOSEPH  E.  BARKER,  Agronomist,  New  York  Agricultural  Experiment  Station,  Geneva,  N.  Y. 


i  i  A  LIMESTONE  country  is  a  rich 
Jt\  country"  is  a  proverb  long  ac- 
cepted among  American  as  well  as  Eu- 
ropean farmers;  and  the  truth  of  the 
maxim  is  illustrated  in  many  instances 
and  many  ways.  There  are  within  the 
United  States  certain  large  continuous 
areas  of  limestone  land,  regions  in 
which  the  soil  is  derived  from  the  dis- 
integration and  decomposition  of  lime- 
stone rock.  These,  because  of  their  last- 
ing fertility  and  consequent  prosperity 


count  that  these  lands  still  bear  up 
after  two  hundred  years  of  exacting 
cultivation. 

In  New  York  State  a  section  of  coun- 
try from  Utica  to  Buffalo,  varying  in 
width  from  fifteen  to  thirty  miles,  con- 
stitutes the  cream  of  the  state,  and  is 
as  large  a  continuous  area  of  excellent 
land  as  can  be  found  in  the  East. 
Throughout  the  region  the  glacial  till 
contains  limestone  gravel  and  boulders 
from  the  Onondaga  and  Niagara  for- 


of  the  farming  populations,  have  be- 
come famous  agricultural  districts. 
Thus  we  have  the  Blue  Grass  region  of 
eastern  Kentucky  and  northeastern 
Missouri,  on  the  whole  one  of  the  most 
renowned  farming  sections  in  the 
United  States.  Another  example  in 
question  is  the  Shenandoah  Valley  of 
Virginia,  which  is  not  an  ordinary  river 
valley,  but  a  fold  in  the  earth  between 
two  mountain  ranges.  Extensive  lime- 
stone beds  constitute  the  parent  rock 
of  the  valley  soil,  and  it  is  on  that  ac- 


mations.  Here  the  soils  are  naturally 
adapted  to  alfalfa,  and  here  is  included 
the  principal  fruit-growing  sections  of 
the  state. 

In  Ohio  that  region  through  which 
the  Miami  River  flows  is  perhaps  the 
most  prosperous  agricultural  section, 
and  has  been  described  by  some  as  the 
particular  corner  of  the  globe  where 
man  is  found  at  his  best.  Here  the 
character  of  the  soil  is  largely  influ- 
enced by  phosphatic  limestones.  Those 
acquainted  with  farm  lands  in  south- 
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eastern  Ohio,  outside  the  drift  area, 
are  familiar  with  the  fact  that  almost 
every  comLmunity,  and  frequently  indi- 
vidual farms,  furnish  examples  of  the 
contrast  between  limestone  and  non- 
limestone  soils,  and  that  limestone  lands 
are  uniformly  held  in  high  esteem. 

The  excellence  of  limestone  lands,  of 
course,  does  not  depend  entirely  upon 
the  carbonates  (limestone)  which  they 
now  contain.  Usually  such  soils  are 
also  well  supplied  with  the  mineral  ele- 
ments of  fertility,  and  the  phosphorus 
may  be  somewhat  more  available  than 


blown,  the  poor  subsoil  turned  up  by 
grading,  Avill  be  found  growing  lux- 
uriant crops  of  clovers,  alfalfa,  blue 
grass  or  other  valuable '  crops  which 
the  adjoining  fields  will  not  produce 
unless  similarly  treated.  This  is  an 
illustration  of  the  value  of  limestone 
so  forceful  and  com^ncing  that  it 
seems  strange  it  has  been  so  little 
heeded. 

Why  Lime  Is  Important. 
Calcium  and  magnesium  carbonates 
(limestone)  are  the  natural  soil  com- 
pounds  effective  in  neutralizing  the 


Applying  Lime  to  the  Soil. 


in  other  soils  by  reason  of  its  being 
present  more  largely  in  the  form  of  cal- 
cium phosphate  rather  than  in  combi- 
nation with  iron  and  aluminum.  Yet 
how  very  much  is  dependent  upon  the 
presence  of  lime  carbonate  itself  is 
shown  by  the  fact  that  the  poorest  soils 
can  be  changed  over  to  limestone  soils 
largely  by  the  use  of  liberal  applica- 
tions of  ground  limestone.  A  most 
striking  illustration  of  this  fact  is  ^vrit- 
ten  all  over  the  country,  or  wherever 
a  limestone  highway  has  been  built. 
On  either  side  of  such  roads  for  several 
feet,   where   the   limestone   dust  has 


acids  constantly  being  formed  in  the 
soil  by  the  decay  of  vegetation,  the  pro- 
duction of  nitrates  and  in  the  addi- 
tion of  fertilizers  or  other  foreign  ma- 
terials. The  presence  of  a  fair  amount 
of  lime  carbonate  is  necessars^  to  any 
normally  fertile  soil.  Compared  with 
other  mineral  compounds  of  the  soil, 
lime  caibonate  is  easily  soluble,  and 
this,  together  with  the  action  of  acids, 
has  resulted,  in  the  humid  region,  in 
its  being  almost  or  entirely  leached  out 
of  all  but  natural  limestone  lands. 
Even  the  latter,  under  long  cultivation, 
often  respond  to  applications  of  lime- 
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stone.-  When  lime  becomes  deficient 
in  the  soil  a  number  of  important  things 
begin  to  go  wrong.  The  clover  disap- 
pears, the  grasses  thin  out  and  nitrifi- 
cation becomes  less  active.  The  dim- 
inished supply  of  nitrogen  and  organic 
matter  affects  other  crops,  and  they 
may  even  lack  a  sufficient  ration  of 
calcium  and  magnesium  for  plant  food. 
Less  organic  matter,  together  with  an 
acid  reaction  of  the  soil,  causes  poor 
physicial  condition;  instead  of  having 
a  loamy,  friable  texture,  the  soil  be- 
comes lifeless,  is  less  easily  cultivated 
and  more  susceptible  to  drought. 

An  even  more  serious,  because  usu- 
ally overlooked,  effect  of  a  deficiency 
of  lime  in  the  soil  is  that  the  crops 
produced  on  such  land  may  contain 
insufficient  lime  for  the  proper  nourish- 
ment of  livestock  or  even  man.  A  lib- 
eral amount  of  lime  is  necessary  to  form 
the  bones  of  growing  animals,  and  espe- 
cially for  the  production  of  milk  and 
eggs.  Casein,  which  makes  milk  white, 
is  a  proteid,  having  calcium  as  an  essen- 
tial constituent.  The  shells  of  eggs  are 
about  98  percent  lime  carbonate,  and 
the  yolks  and  whites  contain  relatively 
large  percentages  of  lime.  One  cause 
of  abortion  among  dairy  cows  is  an  in- 
sufficient amount  of  lime  or  phosphorus 
for  both  mother  and  offspring,  and  the 
remedy  often  prescribed  is  to  feed  bone- 
meal.  Many  are  the  instances  of  cows 
being  choked  on  a  bone  found  in  the 
pasture  field,  and  it  is  a  common  expe- 
rience to  see  them  lick  the  whitewash 
from  the  mangers  and  stanchions. 

Pigs  on  a  ration  deficient  in  lime  salts 
will  greedily  crunch  coal,  ashes  or  any- 
thing containing  lime;  and  if  they  do 
not  get  a  sufficiency  their  bones  will 
become  m  weak  they  cannot  stand. 
Experiments  have  been  conducted 
showing  a  great  difference  in  the  break- 
ing strength  of  bones  from  pigs  on  a 
ration  deficient  in  lime  as  compared 


with  those  on  a  ratron  well  supplied 
with  that  material.  Cows,  when  fed 
a  deficient  lime  ration,  are  known  to 
draw  upon  their  own  bones  for  lime 
necessary  to  milk  production.  The  ex- 
treme fondness  of  cows  and  chickens 
for  alfalfa  and  its  marked  value  in 
their  rations  is  no  doubt  partly  ex- 
plained by  the  liberal  amount  of  lime 
salts  which  it  furnishes  in  addition  to 
its  high  protein  value.  A  ton  of  alfalfa 
hay  contains  calcium  and  magnesium 
equivalent  to  100  pounds  of  limestone, 
while  a  ton  of  cornmeal  or  wheat  con- 
tains these  elements  equivalent  to  only 
6  or  8  pounds  of  limestone.  It  may  be 
mentioned  that  certain  medical  re- 
searches have  shown  a  relationship  be- 
tween a  deficiency  of  lime  in  the  sys- 
tem and  tuberculosis. 

Limestone  Needed  by  Soils. 

It  is  hardly  correct  to  say  that  the 
amount  of  lime  required  by  a  soil  de- 
pends upon  the  amount  of  acid  present, 
for  only  a  very  small  amount  of  acid 
is  ever  present  in  the  free  state;  but 
the  acids  constantly  being  formed  un- 
der natural  conditions,  and  those  intro- 
duced with  fertilizers,  remove  the  bases 
from  the  soil,  chiefly  calcium  and  mag- 
nesium. It  is  first  the  carbonate  of 
these  elements  that  are  reduced;  then 
they  are  extracted  from  their  combi- 
nation with  the  silicates.  When  this 
process  has  gone  on  long  enough  the 
soil  remains  constantly  acid  in  reaction, 
and  it  is  largely  the  extent  to  which 
the  bases  of  the  soil  are  reduced  that 
determines  the  amount  of  limestone 
needed  by  the  soil.  Laboratory  meth- 
ods have  now  been  devised  which  are 
capable  of  giving  the  lime  requirement 
of  any  given  sample  of  soil  with  a  fair 
degree  of  accuracy. 

In  New  York  State  the  lime  require- 
ments of  various  types  of  soil  vary 
from  a  few  hundred  pounds  per  acre 
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to  ten  tons  or  more,  tlie  determinations 
being  for  the  surface  seven  inches,  the 
plowed  soil.  From  what  the  writer 
knows  of  soils  in  Ohio  he  may  say 
that  as  great  a  range  as  this  will  be 
found  in  their  lime  requirements.  If  a 
soil  is  in  need  of  lime,  one  ton  of  lime- 
stone per  acre  is  probably  as  light  an 
application  as  is  advisable  to  apply. 
*Where  the  lime  requirement  determi- 
nations indicate  two  to  four  tons,  two 
tons  per  acre  is  usually  a  fair  amount 
for  one  application ;  and  in  the  general 
use  of  limestone,  this  is  becoming  a 
standard  amount  to  apph^  at  one  time. 
However,  in  connection  with  the  grow- 
ing of  alfalfa  or  other  crops  with  which 


a  limestone  outcrop  are  less  in  need  of 
lime  than  the  lower  levels.  Hill  lands 
or  the  higher  parts  of  fields  are  more 
in  need  of  lime  than  the  lower  levels. 
Soils  of  heavy  texture  need  more  lime 
than  those  of  lighter  texture.  Soils 
long  cultivated  need  more  lime  than 
virgin  soils. 

When  soils  have  once  become  to  need 
lime,  it  is  advisable  to  make  an  appli- 
cation about  once  in  a  rotation  of  three 
to  six  years.  The  amount  of  limestone 
a  soil  will  annually  use  under  good 
farming  can  be  appreciated  when  it  is 
understood  that  with  a  rotation  of  al- 
falfa, alfalfa,  potatoes,  wheat,  200  to 
300  pounds  nitrogen  per  acre  annually 


Alfalfa  on  Jos.  A.  AYing^'s  "Wood- 
land Farm."  3Ieohanicsburg',  Ohio. 

Ground  limestone,  phosphorus  and  Manure  Applied. 


an  abundance  of  lime  is  so  important  a 
factor,  the  landowner  should  find  out 
the  lime  requirement  of  his  soil  and 
then  plan  to  supply  the  full  amount  as 
soon  as  practicable.  Where  the  require- 
ment is  above  four  tons  per  acre,  it 
may  not  be  possible  to  have  good  re- 
sults with  alfalfa  until  as  much  as  four 
or  five  tons  have  been  applied  as  an 
initial  application. 

Nearly  all  soils  in  eastern  United 
States,  unless  derived  in  large  part 
from  limestone  formations,  are  now  in 
need  of  lime.  Residual  soils  derived 
from  sandstones,  sandy  or  clay  shales 
show  high  lime  requirements.  In  gla- 
cial drift  regions,  soils  lying  south  of 


will  be  converted  into  nitric  acid,  re- 
quiring 700  to  1200  pounds  of  limestone 
to  neutralize  it.  When  to  this  is  added 
the  drafts  made  on  the  limestone  by 
other  acids  and  that  lost  in  solution 
before  combining  with  acid,  two  to  four 
tons  per  acre  for  each  rotation  of  three 
to  six  years  are  only  a  reasonable 
amount. 

The  landowner  is  often  confused  by 
the  question  of  relative  values  of  dif- 
ferent forms  of  burned  lime,  various 
lime  by-products  and  different  grades 
of  ground  limestone.  The  problem 
would  be  greatly  simplified  if  it  were 
generally  understood  that,  as  a  rule, 
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the  natural  raw  limestone  is  the  cheap- 
est and  best  and  that  it  need  not  be 
ground  so  very  fine.  The  value  of  any 
lime  product  for  agricultural  use  is 
best  understood  when  stated  in  terms 
of  its  equivalent  of  pure  limestone  or 
calcium  carbonate. 

Lime  and  Fertilizers 
While  a  liberal  amount  of  lime  in  the 
soil  is  fundamental,  there  is  a  tendency 
to  overemphasize  its  importance  to  the 
neglect  of  other  important  factors.  Ex- 
cepting on  land  extremely  deficient  in 
lime,  an  application  of  that  material 
should  be  expected  to  yield  results  that 


once  in  a  rotation  and  lime  applied  at 
the  time  of  preparing  the  land  for  corn. 
The  first  application  was  burned  lime 
at  the  rate  of  one  ton  per  acre;  later 
applications  were  one  ton  of  ground 
limestone  per  acre,  making  an  average 
of  one  and  one-half  tons  of  ground 
limestone  or  its  equivalent  for  each  of 
the  first  two  rotations.  The  test  includ- 
ed the  use  of  limestone  in  combination 
with  various  fertilizers,  and  also  with 
barnyard  manure. 

The  sum  of  the  values  of  increase 
from  lime  and  acid  phosphate,  when 
used  on  separate  plots,  has  been  $38.58 


Alfalfa  on  the  Farm  of 

are  mild  and  lasting,  rather  than  phe- 
nomenal and  short-lived,  and  its  use 
should  be  a  part  of  a  systematic  scheme 
for  increasing  the  phosphorus,  organic 
matter  and  lime  content  of  the  soil. 

Lime  does  not  take  the  place  of 
other  fertilizers  or  manures,  but  sup- 
plements them  and  permits  of  their 
more  efficient  use.  This  is  well  illus- 
trated in  a  report  of  twelve  years'  ex- 
periments at  the  Ohio  Agricultural 
Experiment  Station.  The  lime  was 
used  in  a  five-year  rotation  of  corn, 
oats,  Avheat,  clover,  timothy.  The  test 
was  carried  out  on  each  of  five  different 
fields  each  year,  the  land  being  used 


The  Wing  Seed  Company 

per  acre  as  an  average  of  each  five- 
year  rotation,  but  when  used  together 
the  increase  has  been  worth  $40.83. 

Lime  and  a  combination  of  phos- 
phorus and  potassium,  when  used  sepa- 
rately, have  given  a  total  increase 
worth  $49.15.  When  used  together  the 
value  of  increase  has  been  $54.28. 

The  total  increase  from  lime  and 
complete  fertilizer  used  separately  was 
$57.19 ;  used  in  combination,  $61.22. 

Lime  and  manure  (16  tons  per  acre 
in  five  years)  used  separately  have  pro- 
duced increases  worth  $77.08;  when 
used  on  the  same  land  the  figure  is 
$88.53. 
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THE  MILE-POSTS  IN  FERTILIZER  USAGE 

Foods  That  Crops  Need  to  Return  the  Highest  Yields 

J.  W.  HENCEROTH,  Soil  Improvement  Committee,  Chicago,  Illinois 


IN  the  plants  that  grow  in  the  gar- 
dens and  fields,  there  are  thirteen 
plant-food  constituents  taken  np  by  the 
plants,  namely,  carbon  dioxide,  water, 
nitrogen,  phosphoric  acid,  potash,  lime, 
magnesinm,  snlphnr,  iron,  calcium,  sili- 
con, manganese  and  sodium.  The  first 
nine  of  these  are  classed  as  neccessary, 
because  every  plant  must  have  them  in 
the  right  proportion  in  order  to  live, 
grow  and  mature  a  crop  of  fruit.  The 
last  four  are  classed  as  unnecessary. 
The  plants  take  them  up  because  they 
are  dissolved  in  the  soil  water,  but  so 


Phosphoric  acid  is  the  plant-food 
that  hastens  maturity,  causes  the  laying 
down  of  the  fruit  and  improves  the 
quality.  I  have  known  corn  that  had 
an  abundance  of  phosphoric  acid  to 
ripen  from  ten  days  to  two  weeks  ear- 
lier than  corn  on  the  same  land  that 
was  not  supplied  with  plenty  of  avail- 
able phosphoric  acid  The  third  plant- 
food,  potash,  assists  in  the  laying  down 
and  transportation  of  the  starch  to  the 
grain  or  fruit  and  gives  strength  or 
rigidity  to  the  stalk. 

In  addiion  to  the  above  named,  every 


THE  PLANT-FOOD  IN  SOILS. 

Xitrogen.  Phos.  Acid.  Potash. 

Sandy  Poor.  Poor.  Poor. 

Clay  Medinni.  .      Medium,  but  fre-          Medium,  but  fre- 
quently unavailable.     quenth^  unavailable. 

Humus  or  Muck  Abundant.  Poor.                             Very  poor. 

This  uitrogen  large- 
ly unavailable. 

FOODS  THE  CROPS  NEED. 

Xitrogen.  Phos.  Acid.  Potash. 

For  Hay  Abundance.  Fair  supply.                 Fair  supply. 

For  Grain  Fair  Supply.  Abundance.                   Fair  supply. 

For  Eoots  Good  Supply.  Fair  supply.  Abundance. 

far  as  authorities  know  at  the  present  farmer  and  student  of  agriculture 
time,  they  are  not  needed.  should  know  two  facts — first,  the  rela- 
It  suffices  to  treat  of  what  are  com-  tive  amounts  of  these  three  essential 
monly  called  the  three  essential  plant-  plant-foods^ — nitrogen,  phosphoric  acid 
foods,  because  they  are  most  frequently  and  potash  in  the  principal  soils ;  sec- 
deficient  in  the  soils  and  are  required  ond,  the  relative  amounts  of  these 
in  large  amounts  hy  the  various  farm  plant-foods  needed  by  our  crops.  These 
crops,  namely,  nitrogen,  phosphoric  facts  are  brought  out  clearly  in  the 
acid  and  potash.    These  are  the  plant-  above  table. 

foods  supplied  in  commercial  fertilizers.  The  above  are  fundamental  facts  that 

Nitrogen  is  the  plant-food  that  gives  are  known  to  be  true  of  our  soils  and 

the  rich  green  color  to  the  plants  and  crops.    How  can  these  two  facts  be 

produces  stalk  growth.    In  a  field  of  linked  up  by  the  farmer?    Suppose  he 

corn,  wheat  or  oats  that  is  short  or  determines  to  grow  wheat  on  a  sandy 

stunted,  there  is  ahnost  certain  to  be  a  soil.   He  first  notices  that  wheat,  being 

deficiency  of  nitrogen  in  the  soil  of  a  grain  crop,  requires  an  abundance  of 

that  field.  phosphoric  acid  and  a  fair  supply  of 
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nitrogen  and  potash  A  typical  sandy 
soil,  especially  if  it  has  been  cropped 
for  any  length  of  time,  is  poor  in  all 
three  essential  plant-foods.  In  this 
case  a  complete  fertilizer  should  be  se- 
lected that  analyzes  high  in  available 
phosphoric  acid  and  has  a  fair  supply 
of  nitrogen  and  potash. 

The  fertilizers  for  all  soils  should  be 
balanced  up  to  meet  the  particular  re- 
quirements of  the  crop  and  to  make  up 
for  the  deficiencies  in  the  soil,  since  all 
soils  are  more  or  less  deficient  in  one 
or  more  of  these  three  essential  plant- 
foods. 


^pounds,  100,  300  or  400,  until  the 
amount  is  found  that  gives  best  results. 
Many  of  our  most  successful  farmers 
are  finding  that  the  larger  amounts  of 
fertilizers  are  the  most  profitable. 

Feeding  crops  is  much  like  feeding 
livestock.  Our  showmen  know  that  if 
the  baby  flesh  is  ever  lost  from  the  calf, 
pig  or  colt,  it  is  an  expensive  process 
to  get  it  back,  and  the  young  stock 
never  mature  into  such  splendid  ani- 
mals as  they  would  have  done  had  they 
been  kept  growing  from  the  start.  A 
generous  feeder  has  the  best  livestock. 
Plenty  of  feed  gives  the  calf  a  quick, 


Barren  Yet  Fertile. 


After  securing  all  the  information 
possible  as  to  the  best  fertilizer  for  a 
particular  soil  crop,  the  farmer  should 
then  test  it  out  on  his  own  farm  by 
leaving  a  few  rows  of  corn  or  a  strip 
of  wheat  or  oats  unf  ertilized.  At  har- 
vest time  the  ground  should  be  meas- 
ured and  the  grain  weighed  to  deter- 
mine the  difference  both  in  increased 
yield  and  superiority  in  quality  where 
the  fertilizers  have  been  used.  After 
finding  a  fertilizer  that  suits  the  soil, 
then  test  out  various  amounts,  say  150 


sure  start.  Plenty  of  the  right  kind 
of  plant-food  gives  our  plants  a  run- 
ning start,  enables  them  to  keep  ahead 
of  the  weeds,  helps  them  to  resist  dis- 
ease and  to  mature  their  crops  early. 

These  are  all  important,  but  the  one 
we  often  lose  sight  of  is  the  first, 
namely,  giving  the  crops  a  quick  start. 
The  man  who  sees  that  his  soils  and 
crops  are  well  supplied  with  the  right 
kind  of  plant-food  will  have  the  ear- 
liest, best  matured  crops  of  highest 
quality. 
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FACTORS  INFLUENCEING  SOIL  MANAGEMENT 

Six  Positive  Conditions  That  Join  in  Growing  a  Plant 

E.  0.  FIPPIN,  Professor  of  Soil  Technology,  Cornell  University 


WHEN  crops  do  not  thrive  we  say 
'Uaek  of  fertility."  That,  how- 
ever, gives  no  information  as  to  why 
the  crop  fails.  There  may  be  any  one 
or  more  of  a  half  dozen  reasons  why 
the  crop  does  not  thrive,  and  each  of 
those  limitations  may  b-3  the  resnlt  of 
a  dozen  contributing;  causes.  Truty 
the  word  fertility  is  a  common  mask 
of  ignorance  of  the  real  causes  of  fer- 


the  conditions  requisite  for  plant 
growth  are  in  part  supplied  through 
the  soil  and,  therefore,  are  dependent 
upon  the  character  of  the  soil. 

The  rational  starting  point  in  the  con- 
sideration of  questions  of  soil  fertility 
is,  therefore,  the  plant  itself — the  con- 
ditions that  are  requisite  for  plant 
growth — all  plants  and  not  merely  any 
particular  individual.   All  plants  agree 


The  dust  mulch  that  holds  the  moisture  and  insures 
fine  root  development. 


It  took  the  water  in  the  large  bottle 
to  produce  the  corn  in  the  small. 
The  dust  mulch  saves  the  water. 


tility  or  lack  of  fertility — meaning  by 
that,  crop  producing  power. 

No  single  factor  can  be  named  that 
is  responsible  for  a  fertile  soil,  nor  for 
the  lack  of  fertility.  This  is  so  because 
there  are  at  least  six  positive  condi- 
tions that  join  in  the  production  of  a 
plant.  The  lack  or  insufficiency  of  any 
one  or  more  of  these,  results  in  no  plant 
or  in  a  poorly  developed  plant.  Some 
of  these  conditions  are  met  by  the  soil ; 
some  are  independent  of  it.    Most  of 


Moisture  escaping:  in  dry.  cracked,  soil.    This  could 
not  happen  under  proper  cultivation. 

in  having  a  certain  fcAV  fundamental 
requisites.  The  quantity  or  character 
of  these  may  differ  for  different  plants, 
but  in  some  form  they  must  be  present. 
B}^  an  examination  of  these  with  refer- 
ence to  the  plant,  it  is  possible  to  de- 
termine the  functions  of  the  soil  in 
plant  production,  and  from  a  further 
consideration  of  its  normal  character 
and  properties  determir.e  the  type  of 
changes  that  may  be  required  to  enable 
the  soil  to  fulfill  its  proper  functions. 

The  common  practices  of  soil  man- 
agement have  value  only  in  so  far  as 
they  contribute  to  these  desired  changes 
in  the  functional  operation  of  the  soil. 
They  are  intelligent  and  economical 
only  in  so  far  as  they  are  accurately 
selected  and  applied,  because  they  are 
effective  and  are  the  most  economical 
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means  to  secure  the  desired  end,  whicli 
is  larger  crop  growth. 

The  essential  conditions  for  plant 
growth  are  six  positive  factors  and  a 
gronp  of  negative  factors.  They  are 
food,  moisture,  light,  heat,  oxygen  and 
mechanical  support  for  the  positive  fac- 
tors; and  freedom  from  any  sort  of  in- 
terfering conditions  on  the  negative 
side,  such  as  destruction  by  insects  or 
animals,  injury  due  to  disease  organ- 
isms or  interference  due  to  toxic  or 
poisonous  conditions.  The  correct  ad- 
justment of  these  factors  for  any  par- 
ticular plant  results  in  full  normal 
growth. 

A  careful  examination  of  these  con- 
itions  will  reveal  that  some  of  them 
are  supplied  in  part  or  in  whole  by  the 
soil.  Some  are  partially  or  wholly  in- 
dependent of  the  soil.  As  a  matter  of 
fact,  every  one  of  these  requisite  con- 
ditions, with  the  possible  exception  of 
light,  is  partially  or  whoHy  conditional 
by  the  soil.  Consequently,  soil  manage- 
ment is  to  be  interpret!  d  in  terms  of 
these  conditions. 

Of  the  ten  elements  of  essential  plant 
food,  the  soil  supplies  pix  direct — po- 
tassium, sulfur,  phosphorus,  calcium, 
magnesium  and  iron,  which  seldom 
make  up  over  three  to  five  percent  of 
the  plant.  It  supplies  one  indirectly — 
nitrogen — which  forms  from  one  to 
four  percent  of  the  plant,  but  derives 
that  supply  ultimately  from  the  air 
above  the  soil.  The  other  three  are 
supplied  from  the  air  and  from  water, 
namely,  carbon,  which  makes  up  about 
50  percent  of  the  dry  plant,  and  oxy- 
gen and  hydrogen,  that  make  up  45 
percent  of  the  plant.  Therefore,  only 
5  to  10  percent  of  the  dry  substances 
of  the  plant  are  derived  from  the  soil. 
The  remainder  is  air  and  water  bottled 
up  by  sunshine. 

For  farm  and  garden  crops  prac- 
tically all  the  water  is  taken  in  from 


the  soil  by  the  roots.  Hence  the  supply 
and  availability  of  the  water  in  the  soil 
is  a  limiting  condition.  All  parts  of 
the  plant  within  the  soil  derive  their 
heat  supply  from  the  soil,  and  since 
this  is  one  form  of  energy  the  tempera- 
ture of  the  soil  is  of  importance.  Light 
may  be  eliminated  from  consideration 
here.  Oxygen,  commonly  designated 
as  air,  which  is  one-fifth  free  oxygen, 
is  just  as  essential  to  the  roots  of  plants 
and  to  the  lower  forms  of  plants — 
bacteria  and  fungi — as  it  is  to  animals. 
All  the  cultivated  crops  require  this  in 
free  form.  Therefore,  the  ventilation  of 
the  soil  is  of  prime  concern.  Mechani- 
cal support  is  obviously  necessary  for 
the  larger  crops  in  nature. 

The  management  must  be  directed  to 
adjust  the  properties  and  conditions  of 
the  soil  to  meet  the  needs  of  plants. 
The  soil  is  one  of  the  media  in  which 
plants  grow.  It  has  certain  normal 
properties  by  means  of  which  it  car- 
ries out  these  functions. 

First,  the  soil  is  a  porous  mass. 
Within  these  pores  water  is  retained 
and  air  should  be  distributed.  The  vol- 
ume, size  and  distribution  of  those  pores 
determine  the  relative  proportion  of 
those  two  materials.  In  a  coarse,  open 
soil  the  water  supply  is  likely  to  be 
short  and  the  air  supply  long.  In  a 
fine,  compact  soil  the  water  supply  is 
long  and  the  air  supply  is  short.  Be- 
tween these  extremes  is  the  desirable 
medium.  The  immediate  object  of  till- 
age is  to  change  either  by  enlarging  or 
reducing  the  pore  space  in  the  soil  and 
through  this  change  a  variety  of  effects 
is  produced.  Dependent  upon  the 
amount  and  proportion  of  water  and 
air  in  the  soil  pores  is  a  long  line  of 
processes — the  penetration  of  roots,  the 
activity  of  micro-organisms,  the  tem- 
perature of  the  soil,  the  drainage  con- 
ditions, the  availability  of  plant-food 
and  other  things.    Second,  the  soil  out 
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of  the  mass  and  the  particles — supplies 
the  mineral  elements  of  food.  This  is 
a  matter  of  solution,  and  anything  that 
affects  that  process,  thereby  influences 
the  need  for  fertilizers.  Third,  in  the 
pores  of  the  soil  the  decay  of  organic 
matter  and  the  fixation  and  elaboration 
of  nitrogen  into  available  forms  should 
go  in.  It  is  affected  by  the  same  con- 
ditions that  affect  the  development  of 
roots. 

On  the  other  hand,  by  a  long  period 
of  practice  a  tevr  methods  of  treatment 
have  been  worked  out  that  have  proved 
their  capacity  under  certain  conditions 
to  make  the  soil  more  productive.  They 
do  this  by  effecting  certain  definite 
changes  in  line  with  the  need  of  plants. 
These  treatments  are  drainage,  irriga- 
tion, liming,  the  addition  of  organic 
matter,  rotation,  innoculation,  tillage 
and  the  use  of  fertilizers.  But  these 
treatments,  while  they  have  a  primary 
effect,  do  not  have  a  single  effect.  Each 
have  a  number  of  secondary  effects, 
and  it  sometimes  happens  that  the  ben- 
efit may  come  from  the  secondary  in- 
stead of  the  primary  effect  of  the  treat- 
ment. It  sometimes  happens  that  the 
same  treatment  produces  opposite  ef- 
fects on  different  soils.  Hence  the  dan- 
ger of  laying  down  fixed  rules  for  the 
handling  of  all  soils. 

The  first  effect  of  drainage  is  to  re- 
move the  surplus  water  and  make  the 
soil  firm.  It  also  introduces  ventilation, 
reduces  heaving  in  cold  climates,  deep- 
ens root  penetration,  makes  the  soil 
more  warm,  increases  the  availability 
of  plant-food,  and  effects  a  number  of 
other  beneficial  changes.  Lime  corrects 
acidity.  It  also  aids  in  the  fixation  and 
elaboration  of  nitrogen  and  may  re- 
lease phosphoric  acid  and  potassium. 
Organic  matter  adds  pl^.nt-food,  but  it 
also  releases  carbonic  and  organic  acids 
that  attack  the  soil  particles.  It  af- 
fords a  medium  for  the  growth  of  use- 


ful soil  organisms.  It  is  the  primary 
storehouse  of  combined  soil  nitrogen. 
It  brings  about  important  physical 
changes  in  the  structure  of  the  soil,  its 
water  capacity  and  perhaps  its  temper- 
ature. 

Fertilizers  have  the  primary  function 
to  supply  available  plant-food — nitro- 
gen, phosphorus  and  potassium  being 
usually  thought  of  in  this  connection. 
But  of  the  last  two  the  soil  already 
contains  many  times  as  much  as  annual 
crops  use,  especially  Avhen  a  three  foot 
section  is  made  the  basis  of  calcula- 
tion. Here,  too,  there  may  be  import 
ant  secondary  effects.  Sodium  nitrate 
corrects  acidity.  In  the  form  of  car- 
bonate it  may  also  pudcJe  the  soil.  It 
may  release  potassium  in  the  same  man- 
ner as  lime.  Further,  in  a  soil  in  bad 
physical  condition  a  fertilizer  may  be 
of  small  benefit,  because  conditions  are 
not  favorable  for  the  growth  of  plants 
in  many  other  directions  than  the  food 
supply. 

It  therefore  appears  that  the  methods 
of  treating  the  soil  to  make  it  more 
favorable  for  plant  growth  in  the  light 
of  the  fundamental  factors  enumerated 
at  the  outset,  should  be  related  in  a 
systematic  way  to  get  the  largest  bene- 
fits from  each  and  all  of  them  and  from 
the  natural  properties  of  the  soil.  In- 
spection of  any  particular  piece  of  land 
should  proceed  in  a  definite  order,  and 
the  necessary  treatments  applied  in  so 
far  as  they  may  be  needel. 

First  of  all,  the  water  supply  of  the 
system  is  the  foundation.  Unless  it  is 
adjusted  within  certain  limits  all  other 
conditions  are  of  no  value.  This  may 
mean  irrigation  or  drainage  or  only 
wise  tillage  and  mulching.  Next  the 
chemical  balance  should  be  looked 
after.  This  generally  means  loading  up 
the  basic  side  that  requires  lime.  Third, 
the  organic  matter  should  be  present  in 
moderate  amounts  to  supply  nitrogen 
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and  give  the  other  effects.  This  may 
mean  the  use  of  stock  manure  or  green 
manure.  It  always  requires  the  wise 
handling  of  the  crop  residues,  the  roots 
and  stubble.  Here  the  use  of  rotation, 
the  legumes  and  innoculation  come  in 
as  a  contributing  factor. 


eliminate  negative  or  interfering  condi- 
tions mentioned  at  the  outset.  If  the 
desired  results  are  not  secured,  they 
may  be  supplemented  by  fertilizer  as 
the  conditions  may  indicate  the  need. 
In  this  system  fertilizers  have  their 
highest  possible  efficiency. 


This  diagram  was  prepared  by  the  Department  of  Soils,  New  York  State  College 
of  Agriculture,  Cornell  University.  It  shows  what  they  regard  as  the  essen- 
tial conditions  for  a  fertile  soil.  Each  tier  is  made  up  of  the  farm  practices 
used  to  regulate  the  soil  condition  represented  also  on  the  diagram.  Lime 
is  one  of  the  important  factors  in  soil  fertility. 


These  four  groups  of  treatments  or 
adjustments  are  fundamental  to  effi- 
cient soil  management.  They  should  be 
applied  so  as  to  form  three  feet  of  effi- 
ciently functioning  soil.  "When  taken 
with  the  normal  character  of  soil  they 
will  usually  produce  fair  to  good  yields 
of  crops.  They  are  the  basis  of  the 
efficient  use  of  fertilizers.  Taken  to- 
gether, they  will  usually  prevent  or 


Such  a  scheme  of  soil  management  is 
the  foundation  of  good  farming  and  the 
permanent  and  economical  maintenance 
of  the  productive  capacity  of  the  soil. 
When  the  word  fertility  is  used  to  mean 
this  correct  adjustment  it  has  a  defi- 
nite application,  and  the  waste  basket 
is  largely  emptied  of  its  content  of 
loose  verbal  usage  and  still  more  loose 
soil  management  practice. 
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ESSENTIAL  CONSIDERATIONS  OF  GOOD  TILTH 

Pulverizing  Alone  Is  Not  Sufficient  to  Induce  Good  Yields 

FIRMAN  E.  BEAR,  Department  of  Soils,  West  Virginia  University 


J^XMS  agreed  that  all  the  following 
X  materials  contribute  in  some 
manner  to  the  increase  of  plants,  but 
'tis  disputed  to  which  of  them  is  that 
increase  or  food:  nitre,water,  air,  fire 
or  earth." 

A  review  of  all  the  evidence  avail- 
able indicates  that  ''Too  much  nitre 
corrodes  a  plant;  too  much  water 
drowns  it ;  too  much  air  dries  the  roots 
of  it;  too  much  heat  burns  it;  but  too 
much  earth  a  plant  can  never  have  un- 
less it  be  therein  whoUv  buried. 


art  of  agriculture  of  his  day.  The 
science  of  agriculture  was  as  yet  only 
in  its  infancy.  TuU's  statements  will 
not  admit  of  too  careful  scrutiny  in 
the  light  of  modern  science,  but  in  so 
far  as  many  of  the  practices  suggested 
are  concerned,  "Horse  Hoeing  Hus- 
bandry" compares  very  favorably  with 
the  columns  of  the  agricultural  press 
of  today.  A  careful  studj^  of  the  older 
agricultural  literature  reveals  the  fact 
that  many  of  the  best  modern  practices 
are  very  similar  to  those  in  use  two 


Field  plowed  ind  harrowed  with 
an  ordinary  peg-tooth  harrow.  The 
stalks  interfere  with  cultivation. 


Field  showing  disked  stubble 
plowed,  disked  and  harrowed.  Can 
you  imagine  a  better  seed  bed  for 
the  planting  of  corn  or  any  grain? 


''It  has  been  often  observed  that 
when  part  of  a  ground  has  been  better 
tilled  than  the  rest,  and  the  whole 
ground  constantly  managed  alike  after- 
wards for  six  or  seven  years  successive- 
ly, this  part  that  was  once  better  tilled 
always  produced  a  better  crop  than  the 
rest,  and  the  difference  remained  very 
visible  every  harvest." 

Jethro  TuU  was  an  enthusiast  on 
tillage-  His  book  on  "Horse  Hoeing 
Husbandry,"  written  in  1733,  is  one  of 
the  agricultural  classics.  In  it  he  out- 
lined the  best  practices  known  in  the 


centuries  ago,  and  differ  from  them 
mostly  in  the  implements  employed 
rather  than  the  results  obtained. 

To  Jethro  TuU  tillage  was  nothing 
more  than  a  scheme  by  which  particles 
of  earth  were  gotten  into  such  a  fine 
state  of  division  as  to  permit  of  their 
being  readily  "absorbed  through  the 
pores  of  the  roots."  In  the  glossary, 
TuU  defines  roots  as  the  "guts"  of  the 
plants.  The  soil  particles  entered  the 
roots  as  such,  and  were  there  digested 
and  changed  into  materials  which  could 
be  used  in  building  plant  tissue.  How- 
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ever  much  TuU's  science  was  at  fault, 
his  practice  brought  go  3d  results.  In 
fact,  he  proved  that  large  crops  could 
be  grown  year  after  year  on  the  same 
field  if  the  soil  was  well  cultivated  and 
the  crops  were  put  in  rows  so  that  thor- 
ough intertillage  was  possible. 

Experiments  conducted  by  many  in- 
vestigators since  the  time  of  Jethro 
TuU  have  served  to  explain  why  tillage 
is  so  effective  if  properly  done.  But 
more  than  this,  these  investigations 
have  given  us  the  clue  to  a  more  ra- 
tional system  of  maintaining  soils  in  a 
condition  in  which  they  may  be  most 
effectively  tilled. 


and  at  that  time  the  burden  of  the  in- 
creased population  will  make  it  neces- 
sary that  every  acre  produce  more 
rather  than  less.  Something  more  than 
mere  tillage  is  necessary  if  the  same 
amount  of  labor  will  suffice  each  year 
to  produce  as  large  or  larger  yields  as 
were  produced  the  year  previous.  Not 
only  must  a  soil  be  well  tilled,  but  it 
must  be  so  managed  that  tillage  is  ef- 
fective. 

Tilth  is  a  word  which  implies  tillage 
and  yet  has  a  much  broader  signifi- 
cance. To  say  that  a  soil  is  in  good 
tilth  means  not  only  that  it  has  been 
well  tilled,  but  also  that  the  soil  pos- 


Illustration  showing:  field  planted 
with  corn  and  small  grain.  The 
farmer  is  never  certain  of  his  crop 
with  such  a  seed  bed. 


Thorough  tillage  at  the  right  time 
and  in  the  right  way  is  not  only  one  of 
the  most  effective  means  of  increasing 
the  productivity  of  a  soil,  but  is,  if  con- 
tinued, one  of  the  most  effective  means 
of  reducing  a  soil  to  the  point  of  ex- 
haustion. The  word  tillage  is  too  lim- 
ited in  its  scope  to  satisfy  the  require- 
ments of  modern  scientific  farmers. 
Something  more  than  merely  pulveriz- 
ing the  soil  is  necessary  if  it  is  to  con- 
tinue to  produce  heavy  yields  indefi- 
nitely. It  must  be  remembered  that 
these  same  acres  which  we  are  farming 
today  will  probably  be  under  cultiva- 
tion one  thousand  years  from  today. 


Field  shown  with  corn  and  small 
i:rain  planted.  The  ground  is  in  per- 
fect condition  for  the  reception  of 
the  seed. 


sesses  certain  qualities  which  insure 
that  the  minimum  amount  of  tillage 
will  be  effective  and  that,  with  favor- 
able weather  conditions,  a  good  crop  is 
assured. 

To  keep  a  soil  in  good  tilth  certain 
fundamental  requirements  must  be  kept 
in  mind.  In  a  well  kept  garden  one 
marvels  at  the  ease  with  which  the  soil 
can  be  put  into  condition  for  garden 
crops.  The  condition  of  the  soil  by 
which  this  is  possible  is  largely  pro- 
duced by  the  heavy  applications  of  ma- 
nure annually.  Garden  soils  are  not 
only  easily  tilled,  but  they  are  abnor- 
mally productive  as  compared  to  the 
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same  type  of  soil  in  the  field  adjacent. 
It  seems  evident,  therefore,  that  if  one 
is  to  maintain  the  soil  in  condition 
wherein  it  can  be  prepared  for  crops 
ivith  the  minimum  amonnt  of  labor,  and 
where  it  will  continue  to  produce  crops 
year  after  year  effectively,  organic 
matter  in  some  form  must  be  recog- 
nized as  a  fundamental  necessity. 

New  ground  soils,  as  a  rule,  are  very 
loose  and  friable,  but  the  same  soil 
tyipe,  after  years  of  farming  by  some- 
one who  is  more  or  less  indifferent  to 
making  any  special  effort  to  replace 
that  which  has  been  used  up  in  the 


...     .  ■  1/     '  ■ 

^  .  '  I  ,  

Field  disked  after  plowing.  This 
is  a  common  practice  among  farm- 
ers. It  does  not  remedy  the  bed 
condition  at  bottom  of  the  seed  bed. 

■soil,  becomes  much  more  difficult  to 
manage.  However,  virgin  soils  are  not 
always  in  good  tilth.  There  are  certain 
■conditions  which  the  farmer  often 
meets  even  in  ncAv  soil  which  requires 
more  than  organic  matter.  Two  con- 
ditions will  be  mentioned. 

If  for  some  reason,  either  because  of 
impervious  underlying  strata  or  be- 
cause of  too  slight  differences  in  the 
level  of  the  soil  and  its  drainage  outlet, 
the  water  is  not  permitted  to  run 
through  the  soil  readily,  the  soil  has  a 
tendency  to  ''run  together."  This 
"''running  together"  is  due  to  the  break- 
ing down  of  the  soil  aggregates,  so  that 
each  individual  particle  becomes  an  ef- 


fective soil  particle.  Under  such  con- 
ditions good  tilth  is  impossible.  The 
removal  of  the  water  by  means  of 
drains  usually  shows  an  effect  the  first 
year.  Some  soils  are  much  more  slowly 
remedied,  but  sooner  or  later  the  free 
passage  of  air  and  water  is  effected  and 
the  tilth  of  the  soil  is  improved. 

There  are  also  stiff  clay  soils  which 
may  contain  fair  amounts  of  organic 
matter  and  even  be  fairly  well  drained, 
and  yet  when  plowed  the  soil  has  a 
tendency  to  turn  up  in  clods  which  can 
scarcely  be  broken  with  the  ordinary 
tillage  operations.    The  margin  of  time 


Disked  cornstalk  field  disked  and 
harrowed  after  plowing.  This  leaves 
the  ground  in  perfect  condition  for 
the  crop. 


between  being  too  wet  and  too  dry  is 
so  small  that  it  is  impossible  often  to 
plan  the  work  so  as  to  reach  these  areas 
at  the  time  to  get  the  soil  turned  over 
in  the  proper  condition.  Undoubtedly 
large  amounts  of  organic  matter  would 
aid  in  overcoming  this  condition,  but 
the  amount  required  is  such  as  to  tax 
the  farmer  rather  seriously  to  supply  it. 
With  such  soils  effective  good  tilth  may 
be  secured  by  winter  or  early  spring 
plowing,  in  order  that  the  soil  may  be 
subjected  to  the  action  of  freezing  and 
thawing.  Soils  which  sre  difficult  to 
manage  may  often  thus  be  put  in  condi- 
tion where  tillage  is  very  effective. 


846 


The  Agricultural  Student. 


DETERMINING  SOIL  NEEDS  IN  THE  LABORATORY 

Tests  That  Show  the  Relative  Deficiency  in  Plant  Foods 

G.  S.  FRAPS,  Soil  Chemist,  Texas  Experiment  Station,  College  Station,  Texas 


IP  the  deficiencies  of  soils  in  plant 
food  are  known,  they  can  easily  be 
supplied;  however,  unfavorable  climat- 
ieal  conditions,  bad  physical  conditions 
and  unsuitable  locations  are  difficulties 
much  less  easily  overcome,  but  it  is  a 
comparatively  easy  matter  to  add  the 
plant  food  needed  for  a  deficient  soil. 

The  time  will  hardly  come  when  the 
chemist  in  his  laboratory  will  make  the 
analysis  of  a  soil  and  then  write  pre- 
scriptions for  plant  food  for  various 
crops.  The  soil  itself  is  a  laboratory, 
where  a  large  number  of  chemical 
changes  occur,  some  of  which  prepare 
the  inert  plant  food  for  the  use  of  the 
plants.  The  quantity  of  plant  food  pre- 
pared in  this  way  will  depend  upon  a 
variety  of  factors,  including  the  tem- 
perature, the  moisture  of  the  soil  and 
other  constituents  which  are  present. 
The  plant  food  prepared  in  the  soil  will 
vary  from  year  to  year  and  from  season 
to  season.  The  chemist  cannot,  in  a 
few  hours,  pass  through  in  the  labora- 
tory the  processes  of  the  soil,  which 
takes  the  several  months  of  the  period 
of  plant  growth. 

All  that  the  chemist  can  do  at  pres- 
ent is  to  study  the  relative  deficiencies 
of  the  plant  foods  present  in  the  soil. 
He  can  ascertain  whether  phosphoric 
acid,  potash  or  nitrogen  are  deficient 
to  the  greatest  extent,  and  which  of 
these  will  become  deficient  first,  under 
ordinary  soil  conditions.  He  can  then 
judge  as  to  which  plant  foods  are  need- 
ed and  which  should  be  supplied.  But 
the  amounts  and  combinations  which 
should  be  applied  must  be  determined 
by  field  experiments.  In  other  words, 
the  chemical  analysis  enables  us  to  ap- 
ply the  results  of  fertilizer  tests  show- 


ing the  quantities  of  fertilizer  needed 
for  the  best  results  on  some  soils  of 
similar  characteristics.  The  analysis  in 
itself  does  not  show  the  quantity  of 
fertilizer  which  would  be  profitable. 

A  number  of  difficulties  are  encoun- 
tered in  applying  the  results  secured 
in  the  laboratory  to  the  field,  and  judg- 
ing the  fertilizer  to  be  applied.  Two 
important  conditions  are  the  depth  of 
the  soil  and  the  character  of  the  climate 
or  season.  The  depth  to  which  the  plant 
roots  go  in  feeding  determines  to  a 
large  extent  the  quantity  of  plant  food 
which  the  plant  will  secure.  This 
varies  with  different  plants  and  with 
different  soils.  It  is  clear  that  w'here 
the  roots  go  to  the  depth  of  eight  inches 
the  plant  may  secure  only  two-thirds  as 
much  plant  food  as  where  they  go  to  a 
depth  of  twelve  inches. 

Climatic  or  seasoned  conditions  are 
important.  Under  favorable  conditions 
of  moisture  and  temperature  the  soil 
will  produce  more  than  where  the  con- 
ditions are  less  favorable.  In  other 
words,  climatic  conditions  exert  the 
controlling  influence,  and  seasonal  con- 
ditions may  modify  the  deficiency  of  the 
soil 

At  the  Texas  Exeriment  Station,  the 
relation  of  the  analysis  of  the  soil  to  its 
yield  in  the  field  is  being  studied  by 
means  of  chemical  analysis,  pot  tests 
upon  small  amounts  of  soil,  and  cooper- 
ative fertilizer  experiments  with  farm- 
ers in  different  parts  of  the  state. 

The  pot  tests  show  that  the  need  of 
the  soil  for  phosphoric  acid  is  related 
to  the  active  phosphoric  acid  in  the 
soil,  that  the  needs  of  the  soil  for  nitro- 
gen is  related  to  the  total  nitrogen  in 
the  soil,  and  that  the  needs  of  the  soil 
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for  potash  are  related  to  the  active 
potash  of  the  soil.  We  have  also  drawn 
tables  in  which  the  quantity  of  plant 
food  withdraAvn  by  the  crops  in  the  pot 
experiments  is  tabulated  with  reference 
to  the  chemical  analysis  of  the  soil. 
These  relations  are  expressed  in  bushels 
of  corn  per  acre.  Thus,  a  soil  contain- 
ing from  10  to  20  parts  per  million  of 
active  phosphoric  acid  has  a  corn  pos- 
sibility of  twelve  bushels  per  acre  from 
phosphoric  acid.  One  containing  from 
50  to  100  parts  per  million  of  active  pot- 
ash has  a  corn  possibility  of  37  bushels 
from  potash,  and  one  containing  from 
.04  to  .06  percent  total  nitrogen  has  a 


we  will  secure  still  better  results  when 
we  have  learned  the  characteristics  of 
the  different  soil  tj^pes,  which  may  re- 
quire somewhat  different  standards  of 
interpretation.  This  applies  particu- 
larly to  peat  soils,  highly  calcareous 
soils  and  to  some  other  abnormal  soils, 
particularly  those  which  are  composed 
largely  of  oxide  of  iron. 

We  must  always  remember  that  the 
quantity  of  plant  food  in  the  soil  is 
only  one  of  the  conditions  of  plant 
groAvth,  and  not  always  the  controlling 
factor.  Climatic  conditions  may  be  such 
that  the  production  of  25  bushels  of 
corn  per  acre  is  a  good  yield.  Under 
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corn  possibility  of  18  bushels  per  acre 
from  nitrogen.  These  tables  are  pre- 
sented in  full  in  Bulletin  No.  161  of  the 
Texas  Experiment  Station. 

These  figures  do  not  represent  the 
actual  production  of  the  soil  in  the  field, 
but  show  the  relation  between  the  pot 
experiments  and  the  chemical  analyses. 
There  is  a  decided  variation  between  the 
individual  soil  and  the  average  results 
and  we  are  studying  these  further.  The 
figures  are  intended  to  show  the  rela- 
tive deficiencies  of  various  soils. 

I  am  satisfied  that  this  method  gives 
excellent  results  for  ascertaining  the 
needs  of  the  soil  for  plant  food,  ajid 


such  conditions,  a  soil  'w^hich  supplies 
enough  potash  for  50  bushels  would 
not  be  deficient.  If,  however,  the  con- 
ditions were  more  favorable,  so  that  the 
corn  possibility  under  the  climatic  con- 
ditions was  50  bushels  per  acre,  then 
the  soil  would  be  deficient  in  nitrogen. 
Thus  we  see  that  deficiency  is  a  rela- 
tive term,  and  depends  upon  the  con- 
ditions with  Avhich  the  soil  is  surround- 
ed. The  physical  character  of  the  soil 
itself  may  be  one  of  the  controlling  con- 
ditions, for  the  soil  may  not  retam  more 
than  enough  water  to  make  20  bushels 
of  corn  per  acre.  Another  soil,  with 
more  favorable  physical  conditions  and 
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a  better  retentive  power  for  moisture, 
may  retain  enough  moisture  for  50 
bushels.  Under  these  conditions,  with 
the  same  amount  of  active  plant  food, 
one  soil  might  be  deficient  and  the  other 
not  deficient.  In  one  case  the  moisture 
would  be  the  controlling  condition,  and 
the  other  case  the  amount  of  plant  food. 

There  are  other  methods  for  studying 
the  plant  food  of  the  soil,  such  as  de- 
termining the  total  phosphoric  acid  and 


the  total  potash,  and  for  determining 
that  soluble  in  strong  acid,  but  these 
have  more  to  do  with  the  wearing  quali- 
ties of  the  soil  and  its  ability  to  main- 
tain its  fertility  than  to  its  immediate 
needs  or  plant  food.  The  use  of  the 
dilute  acids  so  as  to  secure  the  active 
plant  food  appears  to  be  the  best 
method  for  ascertaining  the  immediate 
needs  of  the  soil  for  that  food. 
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EDITORIAL 


The  war's  effect  on  the  fertilizer  in- 
dustry has  been  a  favorite  subject  upon 
which  much  specula- 
HOW  MUCH  tion  has  been  made  and 
FERTILIZER?  a  great  mass  of  mate- 
rial written,  especially 
in.  the  newspapers  of  this  country.  The 
supply  of  raw  products  has  been  ma- 
terially affected,  and  fertilizer  prices 
per  ton  have  risen  several  dollars  in 
many  cases.  Writers  have  proceeded 
to  speculate  and  estimate  the  effects 
upon  American  agriculture  of  the  de- 
creased consumption  that  will  result 
because  of  conditions  this  year. 

Such  writings  are  predicated  upon 
speculation  and  in  some  cases  upon  con- 
ditions that  will  probably  not  be,  this 
year  or  any  other  year.  There  is  no 
reason  to  believe  that  the  northern 


farmers  will  decrease  their  consump- 
tion of  fertilizers  because  of  the  higher 
prices.  In  fact,  on  the  basis  of  appli- 
cations per  acre,  the  increased  prices 
being  charged  are  very  small.  A  2-10-1 
combination  that  sold  to  the  farmer 
in  1914  for  around  $23  per  ton,  is  now 
selling  at  about  $27.50  per  ton.  On  the 
basis  of  200  pound  applications  per 
acre,  the  increase  in  price  is  only  45 
cents  per  acre.  A  one  bushel  increase 
in  corn  yield  will  tako  care  of  this 
extra  expense. 

Farmers  will  do  well  to  look  to  the 
experiment  stations  and  agricultural 
colleges  for  their  information  as  to  the 
value  of  fertilizers,  rather  than  to  news- 
paper reports.  It  isn't  a  time  for  farm- 
ers now  to  use  "snap  judgment,"  based 
upon  some  item  regarding  the  ''serious- 
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ness"  of  the  situation  in  the  fertilizer 
industry.  Instead,  the  increase  in  price 
for  fertilizers  should  be  considered 
along  with  the  effects  that  will  result 
on  the  maturity,  quality,  yield  and  mar- 
ket value  of  the  crop  and  the  fertility 
of  the  soil  if  fertilizers  are  used,  and 
if  they  are  not  used.  In  the  South  last 
year,  at  the  planting  season,  cotton  was 
selling  at  6  cents  per  pound,  and  as  a 
result  many  growers  cut  down  the 
amounts  of  fertilizers  used.  It  was  ex- 
pensive economy,  for  at  the  time  of  ma- 
turity the  price  of  cotton  was  back 
again  to  13  cents,  but  the  decreased 
yields  were  32  percent.  The  decrease 
in  acreage  was  only  14  per  cent,  and 
the  season  a  normal  one. 

The  Ohio  Experiment  Station  reports 
should  be  studied  by  farmers  of  the 
Buckeye  State  who  want  reliable  infor- 
mation on  the  amounts  of  fertilizers  to 
use  on  their  crops.  Especial  attention 
should  be  called  to  their  experiments, 
which  tell  how  to  make  manure  more 
valuable.  The  increasing  prices  of  farm 
products  and  the  increasing  demand  for 
more  products  each  year,  make  the 
matter  of  soil  fertility  one  that  should 
be  seriously  considered.  Bumper  crops 
from  virgin  acres  are  rapidly  passing. 
We  must  return  to  the  soil  plant-food 
if  we  hope  to  maintain  and  speed  up 
its  crop  producing  qualities. 


Statistics  taken  from  the  ''Work  and 
Expenditures  of  the  Agricultural  Ex- 
periment Stations" 
OHIO  LEADS  during  the  fiscal  year 
THEM  ALL.  ended  June  13,  1914, 
shows  the  Ohio  Sta- 
tion has  86  persons  on  its  staff. 
Of  these,  48  have  degrees,  although  at 
least  a  third  of  the  others  have  at- 
tended college,  but  were  not  gradu- 
ated. In  comparison  with  the  num- 
bers employed  at  other  stations,  Ohio 
can  claim  a  decided  superiority-  The 


first  five  states  in  order  of  the  numbers 
on  the  staff  are  as  follows: 


Staff  Instruc- 

Station.              Members.  tors. 

California                     100  71 

Illinois                          94  65 

Wisconsin                      92  61 

Minnesota                      89  50 

Ohio   74 


Prom  this  table  it  will  be  seen  that 
Ohio  has  more  on  the  staff  than  any 
other  station,  on  the  basis  of  those 
whose  time  is  devoted  entirely  to  sta- 
tion work.  Georgia  is  the  only  other 
state  having  the  college  of  agriculture 
and  the  experiment  station  separated, 
although  some  states  have  more  than 
one  station.  Many  of  the  stations  have 
substations,  like  our  own  state,  how- 
ever. Only  a  few  states  have  two  agri- 
cultural colleges. 

There  are  now  within  the  United 
States  62  experiment  stations.  In  all 
these  stations  there  are  3852  employes, 
of  which  4.02  percent  are  in  Ohio 
(1914).  Hence,  our  State  has  2.48  times 
the  average  staff. 

When  appropriations  are  considered, 
Ohio  again  is  in  the  lead.  The  first  five 
states  in  order  of  their  total  appropria- 
tions are  as  follows: 

Ohio    $481,418.72 

Minnesota   396,068.54 

Indiana   315,363.20 

Illinois    298,620.56 

Kentucky   258,753.93 

During  the  year  $5,164,687.96  was 
expended  in  the  60  experiment  stations. 
Hence,  Ohio  received  9.32  percent,  or 
5.64  times  the  average  appropriation. 

Regarding  the  publications,  Ohio  is 
far  in  the  lead,  having  85,000  names  on 
the  mailing  list.  Michigan  is  second 
with  65,000  and  New  York  ( Geneva) 
third  with  47,000.  There  are  1,049,339 
names  on  the  total  mailing  lists  Hence, 
Ohio  has  6.86  percent,  or  4.25  times  the 
average. 
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A  warning  to  American  farmers  was 
issued  recently  by  Secretary  of  Agricul- 
ture Houston,  who  is 
USE  THE  alarmed  over  the  short- 
SPREADER.  age  of  potasli  and  the 
probable  effect  on  the 
crop  production.  Importations  of  pot- 
ash have  been  suspended  as  one  re- 
sult of  the  war,  and  the  domestic  sup- 
ply is  next  to  nothing.  Potash  is  in- 
dispensable in  the  preparation  of  com- 
mercial fertilizer,  and  although  the  gov- 
ernment is  now  making  investigations 
with  a  view  to  encouraging  domestic 
production,  it  will  be  a  long  time  before 
potash  will  be  produced  here  on  a  com- 
mercial scale. 

"In  view  of  the  conditions  existing," 
vsays  Mr  Houston,  "it  is  important  that 
all  fertilizing  materials  on  the  farm, 
especially  those  collecting  potash, 
should  be  conserved.  The  fertilizer  in- 
gredients already  existing  in  the  soil 
should  be  utilized  and  developed  to  the 
fullest  extent.  A  great  deal  can  be  ac- 
complished by  deep  plowing,  constant 
cultivation  and  thorough  tillage,  and 
there  should  be  a  proper  system  of  rota- 
tion." 

Economic  use  of  barnyard  manure  is 
one  suggestion  that  stands  out  in  bold 
relief  to  him  who  realizes  the  serious- 
ness of  the  potash  shortage.  A  ton  of 
manure  contains  about  thirty  pounds 
of  three  essential  plant-food  elements, 
potash,  nitrogen  and  phosphorus.  The 
coarser  portion  of  the  manure,  when 
worked  into  the  soil,  decays  and  creates 
gases  which  make  dormant  elements 
available.  The  organic  portion  is  finally 
resolved  into  humus.  Dean  Vivian 
states  that  more  soils  are  suffering  for 
the  lack  of  humus  than  from  anything 
else. 

Utilization  of  all  available  barnyard 
manure  will  prove  a  partial  solution  of 
the  problem  created  by  the  shortage  of. 
potash,  provided  it  is  properly  done. 


When  manure  is  spread  by  hand  too 
much  is  applied  in  some  spots,  too  little 
in  others.  When  the  application  is  too 
heavy  it  conduces  to  stalk  growth  at 
the  expense  of  the  grain,  and  the  ripen- 
ing of  the  plant  is  uneven.  Moreover, 
the  supply  does  not  go  far  enough. 
Only  by  using  a  mechanical  spreader 
can  the  farmer  get  the  even  distribu- 
tion that  is  necessary.  It  has  been  thor- 
oughly demonstrated  by  experiments 
that  crop  production  is  materially  in- 
creased where  the  manure  is  applied 
with  a  spreader  and,  of  course,  it  is 
obvious  that  a  given  quantity  will  cover 
a  larger  area  than  when  spread  by  hand. 

 ._\_^  

•  i  • 

It  has  been  estimated  that  close  to 
50  percent  of  the  fertilizing  value  of 
all  the  manure  pro- 
PRESERVING  duced  on  the  farms  of 
BARNYARD  the  United  States  is 
MANURE.  annually  wasted.  This 

means  a  yearly  loss  ot 
over  one  billion  dollars — a  tremendous 
sum.  It  is  not  possible  to  save  all  this 
waste,  but  at  least  half  of  it,  and  more, 
can  be  saved  if  proper  precautions  are 
taken.  Just  what  this  means  to  each 
farmer  may  be  judged  from  the  foUov^- 
ing  figures  representing  the  approxi- 
mate value  of  the  manure  per  farm  ani- 
mal per  year,  as  determined  by  the 
Michigan  Experiment  Station :  cow, 
$29.50  ;  horse,  23.70;  sheep,  4.19;  hog, 
$2.25 ;  and  100  hens,  $6.90. 

These  manure  values  undoubtedly 
seem  high  to  farmers  in  the  Middle 
West,  where  practically  no  commercial 
fertilizers  are  used,  but  to  those  of  the 
East  and  South  they  no  doubt  appear 
to  be  conservative.  While  the  farms 
in  our  territory  are  by  no  means  worn 
out,  there  are  very  few  that  would  not 
be  greatly  improved  in  producing  capa- 
city by  the  addition  of  more  barnyard 
manure,  and  the  great  majority  would 
yield  50  percent  larger  crops  were  they 
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more  heavily  manured  This  being  the 
case,  the  conservation  of  the  barnyard 
manure  is  self-evidently  a  matter  of 
importance. 

Approximately  half  of  the  elements 
of  fertility  or  plant-food  in  farm  ma- 
nure is  found  in  the  urine,  and  when 
mixed  manure  is  left  in  the  barnyard 
for  any  length  of  time,  anyone  knows 
what  becomes  of  the  liquid  part  of  it. 
It  is  leached  out,  soaks  into  the  ground 
in  the  barnyard  or  runs  away.  In  either 
event  it  is  lost  so  far  as  the  farm  is 
concerned.  At  the  New  York  (Cornell) 
Experiment  Station  it  was  found  that 
when  manure  is  left  in  a  pile  in  the 
barnyard,  exposed  to  the  elements  for 
six  spring  and  summer  months,  horse 
manure  lost  57  percent  of  its  gross 
weight  and  cow  manure  49  percent.  In 
terms  of  plant-food,  this  means  a  loss 
of  65  percent  for  horse  manure  and  of 
32  percent  for  cow  manure. 

The  question  arises,  what  can  the 
farmer  do  to  avoid  such  losses?  We 
have  seen  that  it  is  quite  possible  to 
avoid  half  of  the  usual  losses.  This 
may  be  accomplished  in  one  of  several 
ways:  First,  whenever  possible,  the 
manure  should  be  hauled  direct  from 
the  stable  to  the  field  as  soon  as  pro- 
duced. Second,  the  liquid  excrement 
may  to  a  large  extent  be  preserved  by 
the  free  use  of  bedding,  oat  straw  be- 
ing the  best  absorbent  of  the  common 
straws.  Experiments  conducted  at  the 
Michigan  station  show  that  100  pounds 
of  oat  straw  will  retain  285  pounds  of 
liquid  excrement  after  it  has  been  in 


contact  with  the  liquid  for  24  hours. 
Forest  leaves  are  equally  valuable  for 
this  purpose,  and  sawdust  will  absorb 
435  pounds  of  liquid  per  100  pounds. 
Peat  is  the  most  valuable  absorbent 
known,  being  capable  oi  absorbing  six 
times  its  own  weight  of  liquid.  Still 
another  way  is  to  provide  a  cistern  into 
which  it  may  flow  from  the  gutter  be- 
hind the  stock.  One  may  also  build  a 
manure  shed  with  a  concrete  floor,  same 
to  be  used  when  it  is  impracticable  to 
haul  the  manure  direct  to  the  fields. 
Laying  a  concrete  floor  over  the  feed 
lot,  while  expensive,  is  practicable,  es- 
pecially in  sections  where  gravel  is  plen- 
tiful. It  is  for  the  individual  farmer  to 
consider  which  method  to  employ  to 
reduce  the  immense  losses  of  valuable 
plant-food  that  are  sustained  annually 
under  present  methods. 


For  the  etchings  showing  manure 
spreaders  in  operation  we  are  indebted 
to  The  New  Idea  Spreader 
CREDITS.    Co.,  of  Co;dwater,  Ohio; 

the  cuts  showing  liming 
operations,  The  Jeffrey  Manufacturing 
Co.,  Columbus;  the  alfalfa  scene  of  The 
Wing  Seed  Co.,  and  the  soil  pyramid, 
The  Scioto  Lime  Co.,  Cleveland;  and 
to  The  International  Harvester  Co., 
Chicago,  for  the  tillage  scenes. 

We  are  also  indebted  to  Dean  Alfred 
Vivian  and  Myron  Bachtell  of  the  ex- 
tension department  for  suggestions  and 
aid  in  preparing  the  subject  matter  pre- 
sented in  this  number. 
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RAY  FIFE,  '17 

THIS  is  one  of  the  most  difficult  sub- 
jects in  elementary  and  secondary 
agriculture,  but  at  the  same  time  offers 
an  opportunity  for  manj^  helpful  and 
suggestive  experiments  which  require 
simple  and  inexpensive  apparatus.  Such 
exercises  as :  Collection  of  types  of 
soils,  determination  of  differences  in 
soil  of  different  depths  and  many  oth- 
ers can  be  profitably  given.  In  the 
stud}"  of  commercial  fertilizers,  sam- 
ples can  often  be  secured  from  the  dif- 
ferent companies  producing  them. 
LESSON  I- 
Origin  and  Formation  of  Soil. 

1.  What  is  soil"? 

2.  How  soils  are  derived? 

(a)  By  decomposition  and  disinte- 
gration of  rocks. 

3.  Agencies  of  formation. 

(a)  Temperature  changes. 

(b)  Atmospheric  influences. 

(c)  Griacial  action. 

(d)  Action  of  water. 

(e)  The  work  of  animals. 

(f )  The  work  of  plants- 
Classification  and  Composition  of  Soils. 

1.  Soils  are  classed  as  peat,  muck, 
clay,  loam,  sand  and  gravel. 

Pupils  should  collect  and  classify  the 
soils  of  the  locality. 

2.  Discuss  the  relative  value  of  each 
class  for  agricultural  purposes. 

3.  Discuss  the  effects  which  the  soils 


of  a  locality  have,  with  regard  to  the 
kind  of  crops  grown. 

1.  Discuss  effects  of  tillage,  drainage, 
liming,  freezing  and  thawing,  and 
humus  in  changing  the  structure  of  the 
soil. 

Water  in  the  Soil- 

1.  The  amount  of  water  in  the  soil 
and  in  green  plants. 

2.  Discuss  loss  of  water  from  the 
soil  by  evaporation  and  percolation. 

3.  Discuss  means  of  preventing  the 
loss  of  water  from  the  soil. 

(a)  By  keeping  down  weeds. 

(b)  By  increasing  the  amount  of  hu- 
mus in  the  soil. 

(c)  B}^  tillage. 

Note  the  effect  of  mulching  in  reduc- 
ing the  loss  of  water  through  evapora- 
tion.   How  establish  a  mulch? 
Air  in  the  Soil. 

1-  Note  necessity  for  air  in  the  soil, 
especially  in  the  growth  of  bacteria. 

2.  Discuss  means  of  cecuring  a  free 
circulation  of  soil  air. 

(a)  By  low^ering  the  water  level  of 
the  soil  through  drainage. 

(b)  By  cultivation  of  the  soil. 

Improving  Soils. 
1.  Kinds  of  soil  improvement. 

(a)  Physical  condition. 

(b)  In  chemical  composition  and  food 
yielding  power. 

(c)  In  moisture  retaining  power. 

(d)  In  bacteria  or  germ  life- 

Fertility  of  Soil. 

(a)  Rotation  of  crops. 

Define  crop  rotation. 

Note  the  evils  of  one  crop  farming. 
Depleted  soils,  hence  constantly  de- 
creasing yields ;  poor  distribution  of  la- 
bor during  the  year;  better  opportunity 
for  weeds  and  insects  to  thrive ;  rush 
period  in  marketing.  Note  some  farm 
of  the  vicinity  which  has  practiced  one 
crop  farming.  Note  that  a  proper  ro- 
tation of  crops  aids  in  keeping  the  soil 
in  a  high  state  of  fertility  after  an 
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indefinite  period.  The  soils  of  Europe 
are  fertile  after  centuries  of  cultiva- 
tion. Note  that  for  rotation  purposes 
crops  are  divided  into  three  classes: 
grain  crops,  grass  crops  and  cultivated 
crops.  On  account  of  differences  in 
soils,  markets,  etc.,  the  same  rotation 
will  not  apply  to  all  farms. 

(b)  Use  of  manures. 

Note  that  Ohio  suffers  a  loss  esti- 
mated at  $25,000,000  through  the  waste 
of  farm  manures. 

(c)  Use  of  commercial  fertilizers. 
Much  valuable  material  concerning 


the  use  of  commercial  fertilizers  can  be 
secured  from  the   Soil  Improvement 
Committee,  916-917  Postal  Telegraph. 
Bldg.,  Chicago,  111. 
(d)  Cultivation. 

Note  that  cultivation  improves  the 
soil  by  improving  the  physical  condition 
and  by  increasing  its  power  of  retain- 
ing moisture.  Bulletins  of  the  U.  S. 
Department  of  Agriculture,  Ohio  Ex- 
periment Station  and  Agricultural  Ex- 
tension Department  of  Ohio  State  Uni- 
versity will  be  found  to  be  valuable  in 
supplementing  the  work  of  the  text. 
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THE  INFLUENCE  OF  GLACIATION  ON  AGRICULTURE 

A.  R.  WHITSON,  University  of  Wisconsin,  Madison,  Wis. 


AMONG  the  wonderful  things  that 
have  happened  to  the  earth  dur- 
ing the  ages  of  its  history,  as  read  by 
the  geologist,  none  are  more  wonderful 
than  the  glacial  periods.  Everybody 
who  has  seen  streams  on  hillsides  real- 
izes that  if  their  erosion  has  been  in 
progress  during  the  thousands  and 
millions  of  years,  as  claimed  by  the 
geologist,  they  have  undoubtedly  pro- 
duced the  changes  in  topography  we 
now  find  in  hills  and  mountains.  But 
it  is  hard  to  believe  the  geologist's 
story  that  at  several  widely  separated 
periods  ice  sheets  thousands  of  feet 
thick  have  formed  in  Central  Canada 
and  have  flowed  down  across  the  north- 
ern part  of  the  United  States,  grind- 
ing off  hilltops,  filling  up  valleys, 
changing  courses  of  rivers  and  leaving 
thousands  of  small  lakes  scattered  over 
the  area  it  covered.  A  careful  study 
of  the  effects  of  the  small  existing  gla- 
<jiers  of  mountain  countries  and  those 
of  Alaska,  Greenland  and  the  polar 
regions,  in  comparison  with  the  condi- 
tions we  now  find  in  our  own  country 
proves  that  these  great  ice  invasions 
did  actually  occur. 

Wisconsin  offers  an  unusually  good 
opportunity  to  study  the  effects  of  gla- 
ciation.  The  southwestern  part  of  the 
.state  was  never  covered  by  the  ice. 
Apparently  the  valleys  of  Lakes  Su- 
perior and  Michigan  deflected  the  rush 
of  the  ice  to  the  east  and  west,  so  that 
it  flowed  around  a  large  area,  coming 
together  again,  but  leaving  a  great 
island.  This  island' — known  as  the 
driftless  area  of  "Wisconsin — has  the 
topography  and  soil  of  other  ungla- 
ciated  regions,  except  that  the  residual 
soil  is  somewhat  modified  by  loess. 
The  accompanying  illustration,  taken 


from  a  photograph  of  a  carefully  made 
relief  model  of  the  state  shows  the  dif- 
ference in  topography  between  the  un- 
glaciated  and  the  glaciated  portions. 

The  effects  of  this  glaciation  on  the 
soil  and  other  factors  affecting  agri- 
culture has  been  enormous.  Whitbeck 
shows  that  in  the  glaciated  portion  of 
Wisconsin  10.5  percent  more  of  the 
land  is  improved  than  in  the  ungla- 
ciated.  In  the  glaciated  area  of  the 
southern  part  of  the  state  the  uncleared 
land  amounts  to  only  11  percent,  while 
in  the  unglaciated  portion  it  is  27  per- 
cent. He  finds  that  in  the  sandstone 
belt  the  value  of  farm  crops  on  the 
glaciated  exceeded  those  on  the  ungla- 
ciated by  23  percent,  and  in  the  lime- 
stone section  their  value  is  38  percent 
greater  on  the  glaciated  than  on  the 
unglaciated  portion. 

He  estimates  that  in  the  southeastern 
portion  of  the  state,  which  is  fully  de- 
veloped, the  excess  in  value  of  agricul- 
tural production  amounts  to  $30,000,- 
000  annually  more  than  it  would  have 
been  if  glaciation  had  not  occurred. 
Expressing  that  sum  as  interest  at  5 
percent,  it  would  indicate  a  benefit  of 
$600,000,000.  The  beneficial  effects  of 
glaciation  was  probably  not  so  great 
in  the  northern  part  of  the  state,  where 
the  rocks  are  largely  granitic  and  other 
crystalline  varieties,  not  so  much  af- 
fected by  ice  action,  but  nevertheless 
the  beneficial  influence  on  the  state  as 
a  whole  could  not  be  estimated  at  less 
than  $1,000,000,000. 

Professor  William  H.  Haas  of  North- 
western University  has  made  a  similar 
study  of  the  effects  of  glaciation  in 
Ohio.  He  finds  that  in  the  glaciated 
area  of  the  state,  82  percent  of  the  land 
in  farms  is  improved,  whUe  but  73.6 
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percent  in  the  glaciated  area.  He  also 
finds  that  the  yield  of  wheat  during 
the  four  census  years,  1880,  1890,  1900 
and  1910,  in  the  glaciated  area  was 
17.8  bushels  per  acre,  while  in  the  un- 
glaciated  area  it  was  but  13.2  bushels; 
that  the  yield  of  corn  was  39.9  bushels 
in  the  glaciated  and  31.8  in  the  ungla- 
ciated  area;  the  yield  of  oats  was  36.6 
in  the  glaciated  area  and  35.2  in  the 
unglaciated  area.  Similar  differences 
were  found  in  the  yields  of  barley,  rye 
and  hay.  It  is  evident,  therefore,  that 
the  benefits  of  glaciation  to  Ohio  are 
greater  than  those  found  in  Wiscon- 
sin, and  since  practically  three-fourths 
of  the  state  was  affected  by  glaciation, 
the  total  benefit  produced  could  not  be 
estimated  at  less  than  two  or  three 
billion  dollars. 

With  these  estimates  of  the  actual 
benefits  which  seem  to  have  been  pro- 
duced by  glaciation,  in  what  ways  has 
this  improvement  been  produced?  To 
just  what  effects  of  glaciation  are  we 
to  ascribe  this  improvement?  Un- 
doubtedly among  these  the  influence  of 
the  grinding  action  of  the  ice  on  the 
underlying  limestone  is  very  important. 
Professor  Whitbeck's  study  shows  that 
the  improvement  due  to  glaciation  in 
the  limestone  region  has  been  greater 
than  in  the  sandstone  region.  This  dif- 
ference is  largely  due  to  the  ice  grind- 
ing the  limestone  rock  and  mixing  it 
thoroughly  with  the  surface  soil,  so  that 
even  now,  thousands  of  years  after  gla- 
ciation, the  subsoil  is  supplied  with 
large  amounts  of  lime  and  magnesium 


carbonate.  This  carbonate  leads  to  a 
larger  degree  of  fixation  of  nitrogen 
by  legumes,  and  also  maintains  the 
phosphorus  supply  in  a  more  available 
form.  In  addition  to  this,  it  aids  great- 
ly in  fixing  the  organic  matter  once 
produced  by  vegetation,  so  that  it  accu- 
mulates as  humus  in  the  soil,  and  in  a 
form  which  will  decompose  readily 
with  cultivation,  setting  free  its  essen- 
tial constituents  for  plant  use.  The 
importance  of  these  large  amounts  of 
lime  cannot  be  over-estimated,  but  in 
this  connection  we  must  point  out  the 
fact  that  even  in  the  glaciated  limestone 
sections  the  supply  of  lime  will  not 
last  iridefinitely.  In  Wisconsin  and 
other  states,  50  to  75  years  of  crop- 
ping has  already  removed  the  lime  of 
the  surface  soil  to  such  an  extent  that 
acidity  has  developed,  and  we  cannot 
take  it  for  granted  that  lime  will  never 
be  needed  in  the  glaciated  sections  un- 
derlaid by  limestone. 

Another  important  effect  of  glacia- 
tion is  due  to  the  leveling  process  of 
the  ice,  the  grinding  off  of  the  higher 
hills  and  filling  the  valleys,  thus  reduc- 
ing the  relief  and  consequently  the 
amount  of  land  subject  to  erosion.  In 
all  probability  this  benefit  has  been  as 
great  as  that  due  to  the  influence  of 
lime. 

The  third  improvement  has  resulted 
from  the  transportation  of  heavy  soils 
to  areas  of  lighter  or  sandy  soils,  with 
which  they  have  been  mixed,  and  vice 
versa,  thus  reducing  the  differences 
between  heavy  clays  and  light  sands. 
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WITH  THE 
0?ALUMNI 
WHAT  THE 
BUSY  GRADS 
ARE  DOING 


Arthur  G.  McCall,  now  head  of  the 
department  of  agronomy,  was  born  in 
McGaw,  Scioto  County,  Ohio.  After 
completing  a  course  in  the  public 
schools  he  entered  Ohio  State  Univer- 
sity, from  which  he  graduated  in  1900. 

After  graduating  Mr.  McCall  accept- 
-ed  a  position  as  scientific  assistant. 
Bureau  of  Soils,  U.  S.  Department  of 
Agriculture,  which  position  he  held 
until  1904,  when  he  came  to  Ohio  State 
University  as  assistant  professor  of 
agronomy.  He  was  promoted  to  pro- 
fessor of  agronomy  in  1905.  In  1914-15 
he  obtained  a  leave  of  absence  from  the 
University  and  took  graduate  work  in 
soils  at  Johns  Hopkins  University. 
^'Physical  Properties  of  Soils"  and 
^ 'Broom  Corn  Culture"  are  books  pub- 
lished by  him.  Some  of  his  technical 
articles  are  "An  Artificial  Boot  for 
Inducing  Movement  of  Soil  Moisture," 
''Ear  Characteristics  Not  Correlated 
With  Yield  of  Corn,"  "A  Field  Study 
of  Soil  Moisture,"  "Instruction  in  Soil 
Physics,"  "A  New  Method  for  the 
Study  of  Plant  Nutrients  in  Sand  Cul- 
tures," "The  Absorption  of  Potassium 
by  Soils,"  "Study  of  Plant  Nutrients 
in  Sand  Cultures"  and  "The  Avail- 
ability of  Nutrient  Salts  in  Sand  Cul- 
tures." 

Mr.  McCall  is  a  member  of  the  Amer- 
ican Association  for  the  Advancement 


of  Science,  American  Society  of  Agron- 
omy and  the  American  Society  for  the 
Promotion  of  Agricultural  Science. 

James  E.  McClintock,  '06,  is  now  su- 
pervisor of  publications  and  corre- 
spondence work  for  the  extension  de- 
partment. After  completing  his  course 
at  Ohio  State  University,  he  accepted 
a  position  as  scientific  assistant,  Bureau 
of  Soils,  where  he  remained  until  Au- 
gust, 1907,  when  he  became  assistant 
professor  of  agronomy  and  supervisor 
of  agricultural  extension  work  at  the 
University  of  Maine.  In  August,  1909, 
he  went  to  "Washington  as  specialist  in 
land-grant  college  statistics  for  the 
United  States  Bureau  of  Education, 
holding  this  position  until  April,  1910, 
when  he  accepted  the  position  as  agri- 
culturist and  agricultural  editor  for  the 
International  Correspondence  Schools 
at  Scranton,  Pa.  He  has  been  in  his 
present  position  since  October,  1914. 

Among  his  published  articles  are 
"Exercises  in  Elementary  Agriculture 
for  Maine  Rural  Schools,"  "Feeding  of 
Milch  Cows,"  "Winter  Thoughts  About 
Summer  Insects,"  and  "Some  Sugges- 
tions on  How  the  Farmer  and  His  Fam- 
ily May  Spend  the  Long  Winter  Even- 
ings." 

Earl  L.  Bowser,  '06,  is  manager  of 
the  Helvetia  Condensing  plant  at  Wells- 
boro,  Pa. 

George  F.  Abbott,  '00,  is  farming  and 
raising  livestock  near  Chippewa  Lake, 
Ohio. 

Leland  E.  Call,  '06,  is  professor  and 
head  of  the  department  of  agronomy 
at  the  Kansas  State  Agricultural  Col- 
lege. After  graduating  Mr.  Call  had 
a  fellowship  in  agricultural  chemistry 
but  he  resigned  June  1,  1907,  to  accept 
a  position  as  assistant  ifi  agronomy  at 
the  Kansas  State  Agricultural  College, 
w'here  he  has  been  since  that  time.  In 
1908  he  was  promoted  to  assistant  pro- 
fessor of  soils,  to  associate  professor 
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in  1911  and  to  professor  in  1913.  Prof. 
Call  completed  his  work  for  the  mas- 
ter's degree  at  Ohio  State  in  1911  and 
1912. 

Joseph  F.  Barker,  '08,  is  in  the  soils 
department  of  the  New  York  State  Ag- 
ricultural Experiment  Station  at  Ge- 
neva. Mr.  Barker  attended  the  Iowa 
State  Agricultural  College  in  1909-10, 
where  he  received  the  degree  of  Master 
of  Science  of  Agriculture  in  1910.  He 
was  assistant  professor  of  agronomy  in 
the  Iowa  Agricultural  College,  1909-11. 
He  has  been  in  his  present  position 
since  1911. 

Floyd  W.  Bell,  '12,  is  assistant  pro- 
fessor of  animal  husbandry  in  the  Texas 
State  College. 

Clarence  A-  Clawson,  '00,  is  at  Kan- 
sas City,  where  he  is  a  veterinary  in- 
spector for  the  Bureau  of  Animal  In- 
dustry. 

Edward  H.  Bretschneider,  '14,  who 
received  his  degree  of  pharmacy  in 
1915,  is  now  located  with  the  Kauffman- 
Lattimer  Pharmacal  Company  in  Co- 
lumbus. 

Philip  M.  Dunlap,  '08,  is  farming 
and  raising  livestock  at  Chillicothe,  0. 

Charles  C.  Ensign,  '14,  is  located  on 
a  farm  near  Bryan,  Ohio. 

Joseph  H.  Gourley,  '08.  is  head  of  the 
department  of  horticulture  at  the  New 
Hampshire  Agricultural  College. 

Leo  P.  McCann,  '15,  is  assistant  in 
animal  husbandry  at  Ohio  State  Uni- 
versity. 

Howard  Gerlaugh,  '06,  is  running  a 
farm  at  New  Carlisle,  Ohio. 

Joseph  F.  Goheen,  ex- '14,  is  a  stu- 
dent at  the  University  of  Delaware- 

Gus  F.  Goldsmith,  '15,  is  with  the 
Kelly  Island  Lime  and  Stone  Company, 
where  he  is  head  of  the  publicity  de- 
partment. 

Alva  H.  Benton,  '12,  is  teaching  rural 
economics  in  the  University  of  Minne- 
sota. 


Arthur  G.  Abbot,  '00,  is  on  a  farm 
at  Sharon  Center,  Ohio.  He  is  breeding 
pure  bred  Jersey  cattle  and  Berkshire 
hogs. 

Thomas  K.  Prugh,  ex- '14,  is  farming 
near  Dayton. 

Charles  W.  Holdsen,  '14,  is  managing 
a  farm  at  Mentor,  Ohio. 

Clarence  Siebenthaler,  '15,  has  charge 
of  the  Siebenthaler  nurseries  at  Dayton, 

A-  M.  Bell,  '12,  is  carrying  on  live- 
stock farming  near  Utica,  Ohio. 

Ernest  D.  Blaine,  '12,  is  farming  at 
Mt.  Sterling,  Ohio.  He  is  raising  hogs 
as  a  specialty. 

Wallace  E.  Dobbs,  '12,  is  manager  of 
a  farm  at  Mentor,  Ohio. 

Joseph  F.  Cox,  '12,  is  assistant  pro- 
fessor of  farm  crops  at  the  Michigan 
Agricultural  College.  He  was  formerly 
at  the  Pennsylvania  State  College. 

W.  W.  Brownfield,  '12,  is  practicing 
general  farming  at  Uniontown,  Pa- 

C.  B.  Clevenger,  '12,  is  at  the  Univer- 
sity of  Illinois,  where  he  is  working 
for  a  doctor's  degree.  He  is  also  doing 
work  in  agricultural  chemistry  at  the 
experiment  station. 

Everitt  Brubaker,  '12,  is  a  landscape 
architect  at  Granville,  Ohio. 

C.  B.  Durham,  '12,  is  an  instructor  in 
horticulture  at  Purdue  University. 

Donald  R.  Conard,  '12,  is  a  landscape 
architect  in  Columbus. 

W.  C  Dutton,  '12,  is  assistant  pro- 
fessor of  horticulture  at  the  Michigan 
Agricultural  College  at  Lansing- 
Carl  G.  Fieldner,  '12,  is  farming  and 
running  a  lumber  yard  at  Ney,  Ohio. 

Paul  Logan,  '13,  is  in  the  orchard 
business  near  Cincinnati. 

Fred  C.  Lisles,  '15,  is  a  graduate  stu- 
dent in  the  department  of  farm  crops, 

Aaron  F.  Head,  '15,  is  assistant  in  the 
soils  laboratory  at  Ohio  State  Univer- 
sity. 

Raymond  Gauch,  '15,  is  a  graduate 
student  in  the  department  of  soils. 
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JANUARY  NEWS  NOTES 


With  more  than  fifty  speakers  of  na- 
tional reputation  sclieduled  to  lecture, 
and  practically  all  tlie  state-wide  farm 
organizations  meeting  at  tlie  Univer- 
sity. Farmers'  Week,  January  31  to 
February  4:,  promises  to  be  the  great- 
est agricultural  event  of  the  year. 

The  program,  which  has  recently 
been  sent  out,  announces  the  coming 
of  Dean  H.  L.  Russell  of  the  University 
of  Wisconsin;  0.  H.  Benson  and  A.  C. 
True  of  the  U.  S.  Department  of  Agri- 
culture, Washington,  D.  C ;  James  E. 
Eice,  poultry  expert,  ami  E.  0.  Fippin, 
agronomist,  both  of  Cornell  University, 
and  Rose  Morgan  of  Columbia  Univer- 
sity. 

With  the  annual  meeting  of  the 
American  Jersey  Cattle  Club  scheduled 
for  the  week,  practically  all  the  large 
breeders  in  the  United  States,  together 
with  the  officers  and  members  of  the 
club,  Avill  attend.  This  will  bring  M.  D. 
Munn,  president  of  the  club,  Minneapo- 
lis, Minn. ;  G.  M.  Gow,  secretary,  of 
New  York  City,  and  J.  W.  Shilling  of 
the  Chicago  Dairy  Produce  Co.,  Chi- 
cago, Others  coming  from  a  distance 
are  John  A.  McSparran,  Master  of  the 
State  Grange  of  Pennsylvania ;  John 
M.  Irvin,  o^^Tier  of  D^ichess  Skylark 
Ormsby,  the  champion  cow  of  the 
world,  and  Irvin  Priest  of  the  Bureau 


of  Standards,  U.  S.  Department  of  Ag- 
riculture. 

The  meetings  of  the  Ohio  Percheron 
Breeders  '  Association  will  be  addressed 
by  W.  S.  Corsa  of  Whitehall,  111.,  and 
E.  B.  White  of  Leesburg,  Ya. 

The  Ohio  Yegetable  Growers '  and  the 
Ohio  State  Horticultural  Society  have 
secured  Paul  Work  of  Cornell  Univer- 
sity, professor  of  horticulture;  Prof. 
Joseph  H.  Gourley  of  New  Hampshire 
College  of  Agriculture,  and  W.  J.  Green 
of  the  Ohio  Agricultural  Experiment 
Station,  Wooster. 

Chief  among  the  agronomists  will  be 
Charles  E.  Tliorne  and  C.  G.  Williams 
of  the  Ohio  Agricultural  Experiment 
Station,  and  E.  0.  Fippin  of  Cornell 
University. 

For  the  poultry  interests  of  Ohio 
James  E.  Rice  of  Cornell  University, 
Prof.  Freeman  S.  Jacob}"  of  Ohio  State, 
Milligan  C.  Killpatrick,  poultry  exten- 
sion instructor  of  Ohio  State  Univer- 
sity ;  Henry  Bromwell,  poultry  breeder, 
Washington  C.  H. ;  S.  T.  CampbeU,  sec- 
retary of  the  American  Poultry  Asso- 
ciation, and  Charles  McClave  of  New" 
London,  Ohio,  will  lecture  and  demon- 
strate poultry  practices. 

Each  day  of  the  week  will  be  given 
entirely  to  the  judging  of  livestock  by 
the  winners  of  the  county  judging  con- 
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tests  held  last  fall  by  the  extension  de- 
partment of  the  University.  In  round 
numbers,  150  will  enter  the  contest, 
after  which  the  best  boy  stock  judge  in 
Ohio  will  be  named.  The  winners  of 
the  state-wide  contest  will  be  given 
medals,  while  the  counties  scoring  the 
highest  will  be  awarded  banners. 

Moving  pictures  will  be  shown  in  the 
Chapel  daily  at  12  o'clock  Three  ses- 
sions have  been  planned  for  each  day; 
that  is,  three  lectures  will  be  given 
hourly,  allowing  the  farmers  to  pick 
what  they  want.  The  meetings  of  the 
associations  have  all  been  planned  so 
that  there  will  be  no  serious  conflicts 
in  time  of  meetings.  Added  to  the  lec- 
tures and  conferences  Vvill  be  demon- 
strations in  farm  drainage,  concrete 
and  cement  work,  poultry  killings  and 
dressings,  stock  judging,  home  canning 
and  dairying,  farm  architecture  and 
farm  lighting. 

The  Ohio  Dairymen's  Machinery 
Show  will  be  held  in  the  Armory.  The 
Ohio  State  Corn  Show  will  have  their 
exhibits  in  Townshend  Hall,  while  the 
demonstrations  in  home  canning  and 
fruit  storing  will  be  held  in  the  Horti- 
cultural and  Forestry  Building.  An- 
other new  feature  in  exhibits  will  be 
the  Ohio  Egg  Show,  in  which  there  has 
already  been  a  large  number  of  entries. 
The  Chapel  will  be  used  for  all  the 
evening  meetings  and  lectures,  among 
which  Rose  Morgan  will  give  a  lecture- 
recital,  "Songs  That  Live."  "Between 
Two  Lives,"  a  rural  comedy,  will  be 
presented  on  Monday  evening,  January 
31,  by  students  in  the  college  of  agri- 
culture. 


Registration  in  the  eight  weeks'  agri- 
cultural course  compares  favorably 
with  that  of  188  of  the  preceding  year. 
P.  L.  Mark,  67,  a  retired  minister,  is 
the  oldest  man  to  enter.    Mr.  Mark 


owns  and  operates  a  farm  of  200  acres 
near  Westerville,  Ohio.  He  has  two 
daughters  who  are  instructors  in  the 
University. 

One  of  the  students  is  a  native  of 
Switzerland,  who,  unable  to  speak  Eng- 
lish, is  not  deterred  from  taking  dairy- 
ing. Lectures  are  given  to  the  students 
daily  except  Saturday,  at  4  p.  m.,  in 
addition  to  classroom  work. 


W.  Atlee  Burpee  of  Philadelphiay 
one  of  the  great  seedsmen  of  the  coun- 
try, died  at  his  home  in  that  city  last 
month  at  the  age  of  57.  As  founder  of 
the  seed  firm  of  W.  Atlee  Burpee  &  Co., 
of  Philadelphia,  whose  fame  and  pres- 
tige extend  into  every  section  of  the 
civilized  world,  his  energies  and  abili- 
ties were  directed  into  many  wide  and 
useful  channels. 

Gifted  with  a  genius  for  friendship 
he  was  able  to  attract  the  trustworthy 
sympathy  and  admiring  affection  for 
all  who  were  privileged  to  make  his 
acquaintance.  He  was  an  enthusiast 
and  optimist,  who  combined  work  with 
pleasure,  thus  arousing  the  enthusiasm 
of  all  who  were  brought  within  the 
sphere  of  his  kindly  presence  and  per- 
sonality. 


Grange  Election. 

The  University  Grange  elected  the 
following  officers  for  the  year:  Worthy 
master,  T.  D.  Phillips;  overseer.  Prof. 
A.  G.  McCall;  lecturer,  Prof.  Tom  C. 
Stone;  chaplain.  Dean  Alfred  Vivian; 
steward.  Prof.  Robert  B.  Stoltz ;  assist- 
ant steward,  William  L.  Clevenger; 
lady  assistant  steward,  Mrs.  J.  Warren 
Smith;  ceres,  Mrs.  James  S.  Hine;  po- 
mona,  Mrs.  Lewis  M.  Montgomery; 
flora,  Mrs.  Alfred  Vivian;  secretary, 
Joseph  E.  Fouser;  treasurer,  R.  E. 
Beatty;  gate  keeper,  J.  B,  Gault;  chor- 
ister. Miss  Chandler. 
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BURPEE'S  SEEDS  GROW 

For  forty  years  we  have  rendered  faithful  service.  For  forty  years  we  have 
tried  to  make  each  year's  service  more  nearly  ideal.  This  untiring  effort  has  built 
for  us  not  only  the  World's  Largest  Mail  Order  Seed  Business,  but  also  a  world-wide 
reputation  for  efficient  service  and  undisputed  leadership. 

Much  more  opportune  than  anything  we  ourselves  may  say  about  Burpee's 
Quality  Seeds,  are  the  many  remarkable  things  our  thousands  of  customers  and  friends 
have  said,  and  continue  to  say,  about  them.  These  customers  return  to  us  year  after 
year,  not  because  seeds  cannot  be  found  elsewhere,  but  because  of  our  superior 
quality  and  service. 

Anyone  wlio  is  not  thoroughly  satisfied  with  the  products  raised 
n  can  have  his  money  hack  any  time  within  the  year,  for  such  is  the 

guarantee  that  protects  all  who  plant  seeds  bought  from  Burpee  of 
]  Philadelphia. 

I  Fortieth  Anniversary  Edition  of  Burpee's  Annual 

''The  Leading  American  Seed  Catalog"  for  1916,  is  unlike  any  other  catalog.  The 
,  front  cover,  illustrates  in  nine  colors  the  greatest  novelty  in  Sweet  Peas,  the  unique 
i  ''Fiery  Cross."  The  back  cover  shows  the  two  famous  Burpee  Bantams,  Golden 
I  Bantam  Corn  and  Blue  Bantam  Peas.  The  colored  plates,  six  other  Burpee  Special- 
ties in  Vegetables,  and  the  Finest  New  Burpee  Spencer  Sweet  Peas;  also  the  New 
'  Gladioli,  Fordhook  Hybrid.  This  Silent  Salesman  is  mailed  free.  A  post  card  will 
I      bring  it.    Write  today. 

W.  Atlee  Burpee  &  Co.,  Seed  Growers,  FhrMfa 



"Quality  in  Feed  Is  Economy  in  Feeding" 

UNION  GRAINS  is  nothing  but  a  scientific 
mixture  of  pure  feeds.  It  has  the  strength, 
bulk,  variety  and  palatability  necessary  to  pro- 
duce maximum  milk  flow  and  keep  the  cow 
healthy. 

UNION  GRAINS  is  used  on  herds  belonging 
to  the  U.  S.  Government — on  state  institu- 
tional farms  everywhere — by  the  largest  dairy 
establishments  in  Ohio. 

Write  for  sample,  prices  and  our  booklet  on  ^^Economical  Feeding." 


THE  UBIKO  MILLING  CO. 

CINCINNATI,  OHIO. 


Please  mention  THE  AGRICULTURAL  STUDENT  when  writing  advertisers. 


362 


The  Agricultural  Student. 


I 


Progressive  Advertisers  Reach  15,000 
Agricultural  Leaders  and 
Progressive  Farmers 

Association  of  Agricultural  College  Magazines 


Oomposed  of 


Cornell  Countryman  Ithaca,  New  York. 

Agricultural  Student  Columbus,  Ohio. 

Iowa  Agriculturist  Ames,  Iowa. 

Illinois  Agriculturist  Urbana,  Ilinois. 

Purdue  Agriculturist  West  Lafayette,  Ind. 

Progressive  Agriculturist  Stillwater,  Oklahoma. 

H     Wisconsin  Country  Magazine  Madison,  Wisconsin. 

1     Penn  State  Farmer  State  College,  Pennsylvania. 


I 
1 


For  space  and  rates  in  all  eight, 
I  Address  TPIE  AGRICULTURAL  STUDENT,  Columbus,  Ohio. 


The  Grand  Prize,  highest  honor  Panama-Pacific 
Exposition  awarded  to  the 


UNDERWOOD 

The  Machine  You  Will  Eventually  Buy 


UNDERWOOD  TYPEWRITER  COMPANY 

14  EAST  LONG  ST.,  COLUMBUS,  OHIO 


Please  mention  THE  AGRICULTURAL  STUDENT  when  writing  advertisers. 
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HIGH  ST.  AND  EUCLID  AVE.    5  Minutes'  Walk  from  O.  S.  U. 

WEEKLY  RECEPTION 
THURSDAY  EVENINGS 

BEGINNERS'  CLASS 

Will  Organize  Beginners'  Class 
Tuesday  Evening,  Jan.  25 

Tuition:  Gentlemen,  per  term  of  10  lessons,  $5.00; 
Ladies'  per  term  of  10  lessons,  $4.00.  Tuition  can  be  paid 
Sl.OO  per  week  until  paid. 

PROF.  H.  J.  GUERR         Business  and  Residence  Phones:  Auto  8584;  Bell,  N.  1759. 

PRIVATE  LESSONS  CAN  BE  HAD  ANY  HOUR,  AFTERNOON  OR  EVENING. 

Private  Lessons    $L0O 

Per  Term  of  Six  Lessons   5.00 

-We  guarantee  to  teach  you  to  dance  in  one  terms  of  Private  or  Class  Lessons. 

Academy  can  be  secured  for  Private  Parties,  Fraternity  Hops,  Card  Parties,  Etc. 
No  extra  charge  for  card  tables. 


Ask  Winkler? 


Anything  About  Life  Insurance 


F.  N.  Winkler,  Special  Agent  Union  Central  Life  Ins.  Co, 

409  WYANDOTTE  BUILDING 


t 
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HOLSTEIN-FRIESIAN  BREEDERS 

We  can  furnish  up-to-date  printed  or  typewritten  pedigrees  of  your 
animals,  also  sale  catalogs  and  all  printing  for  your  particular  line. 

Write  us  for  prices  and  samples. 

THE  INDIANOLA  PRINTING  CO. 

1616  N.  HIGH  ST.,  COLUMBUS,  OHIO. 


Prof.  W.  J.  Rader's 
New  Year  Dancing  Calendar 

NEIL  AVE.  ACADEMY 
647  Neil  Ave.    Phones:    Citz.  4431;  Bell,  Main  6189. 

Beginners'  Classes:  Tuesday  evening,  January  25th, 
and  Friday  evening,  January  21st. 

Private  Lessons  afternoon  and  evening.   Juvenile  Class 

Saturday  afternoon. 

Tuition:  Gentlemen,  per  term  of  10  lessons,  $5;  La- 
dies, $4 ;  private  lessons,  $1 ;  six  for  $5.  Tuition  can  be  paid 
$1  per  week  until  paid. 

Advance  Class  Monday  evening. 
Assembly  Night  Thursday  evening  (hall  plan). 
Pavilion  open  Tuesday,  Friday  and  Saturday  (admis- 
sion free). 

OAK  STREET  ACADEMY. 
827  Oak  Street. 
Citizens  Phone  7105 

A  strictly  private  place  for  Sorority,  Fraternity  and  Club 
Llance  Correctly  Dances. 


POWER  WASHER 


WOMANS \ 
FRIEND 


A  REAL 
POWER  WASHER 

Round  rubber  rubs  the  clothes,  turns  them  over 
and  over  and  forces  the  hot,  soapy  water  through 
them.  Washes  tub  full  perfectly  clean  in  B  minutes. 
No  wringers  to  shift.  Nothing  to  get  out  of  order. 
Special  low  price  to  introduce.  Catalogue  Free. 
BLUFFTON  MFC  Co.  BOX  67BLUFFT0N,  OHIO. 


A  Remedy  for  All  Livestock 

A  standardized  coal-tar 
disinfectant,  lice-killer, 
animal  dip. 

Alivays  the  Same 
Destroys  disease  germs, 
3ures  skin  troubles.  Used^ 
''and  endorsed  by 
"50  Agricultural  Colleges 

Our  guarantee  is  liberal  and  positive:  "If  Zenoleutnia 
not  ail  we  say  it  is  or  what  YOU  think  it  ought  to  be, 
you  can  have  your  money  back. ' ' 

Use  Zenoleum:  Get  more  milk;  more  pork;  more  wool 
and  mutton;  more  eggs;  more  work  done;  more  profit. 
Prices,  postpaid:  8oz.25c; 
qt.  50c;  gal.  $1.50.    Ask  for 
our  1915  free  Live  Stock 
Insurance  Policy. 
Zenner  Disinfectant  Co., 
Lafayette  Ave. 
Detroit,  Mich. 

USE  ZENOLEUM  LICE  POW. 
1>EE  FOB  POULTEY 
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ORR-KIEFER 


199-201  SOUTH  HIGH  STREET 

Artistic  Photography 


'^Just  a  little  better  than  the  hesV 
SPECIAL  RATES  TO  STUDENTS 


C0LVMBV5,0*    We  Frame  Pictures  of  all  kinds— RIGHT 


MARZETTI 

Restaurant 

1548  NORTH  HIGH  ST. 


We  Bake  Our  Own  Pies 


STRICTLY  HOME  COOKING. 


YOU 'EE  WELCOME  AT 

BROSMER'S 

TWO  STORES 

1591  N.  HIGH  ST.,  0pp.  E.  Eleventh  Ave. 

Bell  N.  1746,  Citz.  3596. 
1735  N.  FOURTH  ST.,  Cor.  Fourteenth  Ave. 

Bell,  North  3932. 

Fhone  Orders  Given  Prompt  Attention.  We 
aim  to  please. 

Home-made  Baking,  Ice  Cream  and  Ices  and 
Fine  Candies. 


Maddox  &  Kilgore 


HIGHSAND  ELEVENTH 


mgs 

for  College  Men 


NO  BETTER  CLOTHES  THAN 

MENDEL'S 

 AT  ANY  PRICE  


SUITS  MADE  AND  GUARANTEED 
TO  FIT,  FROM  $18  to  $40. 

MENDEL,  The  Tailor 

545  NORTH  HIGH  STREET 
Few  Doors  South  of  Goodale  St. 


MEET  ME  AT  THE 


Varsity  Barber  Shop 

Cigar  Stand  and  Pool  Room 


The  Students'  Rallying  Place 

1585  NORTH  HIGH  ST.,  Opp  E.  11th  Ave. 
Phone,  North  59. 


Please  mention  THE  AGRICULTURAL  STUDENT  wlien  writing  advert i/ser». 
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EMERSON  ACADEMY  OF  DANCING 

HIGH  AND  WARREN  STREETS. 
Advanced  Class — Monday  and  Wednesday  evenings. 

Beginners — Every  Tuesday  evening.    (Special  rate  to  college  and  high-school  stu- 
dents.) 

Matinee  Dancingi — Thursday  afternoons,  beginners  2  till  3  o'clock;    privilege  of 

remaining  from  3  ill  5  for  advanced  class. 
Assembly  Night  every  Thursday  and  Saturday. 
Friday,  College  and  High  School  Night. 

Cordial  invitation  extended  to  college  and  high  school  students.    Information  call 

MARGARET  A.  NADDY 

Residence,  Citizens  11958;  Bell,  North  4164;  Academy,  North  5902. 
Private  lessons  by  appointment.  Tuition  may  be  made  in  payments. 


If  You  Have  Your  Photo  Made 


By  the  Old  Reliable 


COLUMBUS.O. 

It  will  please  you  best. 

We  excel  in  large  Fraternity^  Society  and  all  styles  of  groups. 
SPECIAL  STUDENT  RATES 


The  one  place  around 
the  campus  where  you 

...CONFECTIONERY...  eat  and  drink. 


HENNICK'S 


UNIFORM 
REMODELING 

Second -Hand  Uniforms  for  Sale 

■^Japs,  Service  Stripes  and  Pants  Stripes  Made 
WhUe  You  Wait. 

DRY  CLEANING  AND  PRESSING.  .  .$1.00 
PRESSING    25c 


SAM  ROSEN,  1574  N.  High 


BLACKWOOD,  GREEN  &  CO. 


Hardware 

Furnaces,  Stoves  and  Kitchen 
Furnishing  Goods 
Slate  and  Metal  Roofing 

AUTO  REPAIRING 


624  N.  HIGH  ST., 


COLUMBUS.  O. 
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Goodman  Brothers  1 

JEWELERS  i 


No  96  North  High  St 


1 

! 

—.4. 


OUR  SPECIAL 

1$ 


25  HighStTailors  ^25 


For  Young  Men 


Citizens  3796;  Bell,  Main  1590  166  North  High  Street 


set  11 


Get  Out  Your  Work 

J  ;  

on  a  Typewriter 

The  student  who  uses  a  typewriter  can  preserve  his  notes  in  read- 
able form — a  great  help  in  after  years.  As  students  of  the  Ohio  State 
University,  you  should  secure  an  L.  C.  Smith  &  Bros,  typewriter  now. 
After  graduation  you  will  need  this  machine  for  your  correspondence  and 
for  your  records.    Write  for  a  new  booklet,  "A  Lesson  in  Operating." 


L.  C.  Smith  &  Bros.  Typewriter  Co. 

87  NORTH  THIRD  ST.,  COLUMBUS,  0. 
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MAPLECREST 

BREEDS  THE  BEST 

OUR  RECORDS  PROVE  IT 

Length  of  Record,  365  Days.  Lbs.  of  Butter 

Name  of  Cow.  80  %  Fat. 

Banostine  Belle  De  Kol   1,322.92 

High-Lawn  Hartog  De  Kol   1,247.92 

Maplecrest  Pontiac  Flora  Hartog   1,232.63 

Maplecrest  Pontiac  Spotted  Annie   1,226.27 

Daisy  Grace  De  Kol   1,203.50 

Maple  Crest  Pontiac  Girl   1,109.41 

Spotted  Ann  Daughter   1,088.75 

Maplecrest  Pontiac  De  Kol  Lady   1,018.43 

All  of  these  great  cows  were  bred,  reared  and  developed  at  Maplecrest  Farm 

The  Maplecrest  Stock  Farm  Company 

Telephone  connection  between  Farms  and  Office 
Office  at  Kalamazoo,  Michigan.  Farms  at  East  Ciaridon,  O. 


Reduce  Cost  of  Producing  Bee! 

By  feeding  Three  D  Grains  (Dewey's  Dis- 
tillers' Dried  Grains),  the  best  and  the 
most  economical  high  protein  concentrate. 
At  the  S.  Dakota  fetation  a  comparative 
test  was  made  with  yearling  steers : — 

Estimated  Cost 
Per  lOO-lb.  Gain 

Lot  1  received  .3  lbs.  Oil  Meal   $5.84 

Lot  2  received  3  lbs.  Cotton  Seed  Meal  6.64 
Lot  .3  received  3  lbs.  Distillers'  Dried 

Grains    5.50 


Contains  so  much  more  digestible  matter, 
is  palatable,  bulky  and  has  absolutely  no 
ill  effect  on  the  system  of  the  animal, 
hence  this  result. 

Eagle  Three  D  Grains  usually  sells  at  a 
higher  price  than  ChoiC;>  41%  C.  S.  Meal, 
which  shows  the  high  value  placed  on  it 
by  well-informed  dairymen.  This  year  it 
is  the  only  concentrate  with  30%  or  more 
protein  selling  at  a  price  you  can  afford  to 
pay. 

Many  Ohio  dealers  handle  Three  D 
Grains,  but  if  unable  to  obtain  It,  write 
us  and  we'll  quote  you  price  in  any  amount 
from  five  bags  up. 

THE  DEWEY  BROTHERS  COMPANY, 
Ohio's  licading:  Feed  Dealers, 
Box  577.  Blanchester,  Ohio. 

N.  B. — We  have  some  interesting  circu- 
lars on  feeds  and  feeding,  which  we  will 
be  pleased  to  mail  to  students  who  are  in- 
terested and  will  write.    THE  D.  B.  CO. 


Rats  and  Mice  Eat  the  Meat 

Out  of  Oats  and  Corn  and 

Horses  Get  the  Husk 

UNIVERSAL 
RAT  AND  MOUSE 

CATCHER,. 

CAUGHT  51  RATS  ONE  WEEK 

Trap  resets  itself  ;  22  inches  high. 
Will  last  for  years.  Can't  get  out 
of  order.  Weighs  7  pounds.  Twelve 
rats  caught  one  day.  Cheese  is  used, 
doing  away  with  poisons.  This  trap 
does  its  work,  never  fails  and  is  al- 
ways ready  for  the  next  rat.  When 
rats  and  mice  pass  device  they  die. 
Rats  are  disease  carriers ;  also  cause 
fires.  These  Catchers  should  be  in 
every  school  building.  Rat  catcher 
sent  prepaid  on  receipt  of  $3.  Mouse 
catcher,  10  inches  high,  $1.  Money 
back  if  not  satisfied. 

H.  D.  SWARTS,  Inventor  and  Manu- 
facturer Universal  Rat  and 
Mouse  Traps, 
BOX  566,     -     -     SCRANTON,  PA. 
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Cottonseed 


Meal 


DIXIE  BRAND 

(Standard) 
Tagged  38.62  to  43%  Protein. 

BULL  BRAND 

(Selected) 
Tagged  41  to  43%  Protein. 

FORFAT  BRAND 

(Average) 
Tagged  38.62  to  41%  Protein. 

Humphreys  Godwin  Co. 

Memphis,  Tenn. 


Shropshire  Sheep 

Bred  by 

W.  F.  Palmer  &  Son 

PATASKAIiA,  OHIO. 

"We  have  some  extra  good  home  bred 
yearling  rams  and  ewes  bred  to  Im- 
ported Tanner  or  Butter  rams  whicli  vre 
■will  offer  at  reasonable  prices  for  fall 
delivery.  Come  and  look  over  our  flock, 
on  Xewark  Traction  line,  near  Wagram 
Stop. 


Testing  12,000 
Holstein  Cows 
in  a  Year 


Testing  12,000  Holstein  Cows  in  a  Year. — Within  the  fiscal  year 
ending  April  30,  1915,  12.000  purebred  Holstein  cows  were  entered  for 
tests  with  the  Advanced  Registry  Office,  a  gain  of  2,278  over  the  previous 
year.  These  figures  tell  more  forcibly  than  words  the  interst  of  Hol- 
stein cows  in  raising  the  standards  of  milk  production.  During  the  past 
year  $32,250  Avas  received  for  membership  fees  in  the  Holstein-Friesian 
Association,  positive  proof  of  the  rcognition  of  dairymen  of  the  ad- 
vantages of  membership  in  the  largest  and  most  prosperous  dairy  cattle 
association  in  the  world.    Investigfate  the  big:  "Black-and-AMiites." 


THE  HOLSTEIN-FRIESIAN  ASSOCIATION  OF  AMERICA 

F.  L.  Houghton,  Secretary.  Box  154,  Brattleboro,  Vt. 
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For  Some  Time 

For  some  time  it  has  been  known  that  soap  compounds  left  unsani- 
tary, greasy  residues.    It  has  also  been  known  for  some  time  that 


Indian  in  Circle 


^  ^  '  n^f*r*rtanx  ^^^^^^ 


C/eaner  ^mf  C/e^nser 


does  easily  and  does  safely  the  work  for  which  soap  is 
In  every  package    oftcu  uscd, — that  of  washing  milk  caus  and  other  milk 
containers. 

"Safety  first"  is  a  profitable  principle  to  follow  in  caring  for  milk. 
Why  not  ask  your  dealer  for  "Wyandotte  Dairyman's  Cleaner  and  Cleanser, 
or  write  your  regular  supply  man? 

The  J.  B.  Ford  Co.,  Sole  Mfrs.,  Wyandotte,  Mich. 

This  Cleaner  has  been  awarded  the  highest  prize  wherever  exhibited. 

It  Cleans  Clean. 


_  Scalecide"  has 

"      greater  invigorating  effect 
on  your  orchard— kills  more  scale,  eggs 
and  larvae  of  insects  with  half  the  labor  to 
apply.   We  can  back  up  this  statement  with  facts 
concerning  the  Good  Results  front  Usins 

SCALECIDE 

Send  for  our  illustrated  booklet— "Proof  of  The  Pudding".  Tells  how  "Scalecide"  will  positively  destroy  San  Jose  and 
Cottony  Maple  Scale,  Pear  Psylla,  Leaf  Roller,  etc.,  without  injury  to  the  trees.  Write  today  for  this  FREE  book  and 
also  our  booklet— "Spraying  Simplified".    Learn  the  dollars  and  cents  value  of  "Scalecide,  The  Tree  Saver". 

Our  Service  Department  can  furnish  everything  you  need  for 
the  orchard  at  prices  which  sa?7e  you  money.   Tell  us  your  needs. 
B.  G.  PRATT  CO.,  M'f 'g  Chemists      Dept.    28    SO  Church  St.,  New  York 


Made  from  APOLLO-KEYSTONE 
Copper  Steel  Galvanized  Sheets, 
the  most  durable,  rust-resisting 
sheets  manufactured. 
These  sheets  are  unequaled  for 
Silos,  Culverts,  Tanks,  Roofing, 
Siding  and  all  exposed  metal 
work.  Look  for  the  Keystone. 
Send  today  for  our  "Better  Buildings"  booklet. 

AMERICAN  SHE]ET  &  TIN  PI.ATE  CO. 
General  Offices:  Frick  Bldg.,     Pittsburgh,  Pa. 


PinsVuRGH 


New  Edition 


Only 


"Modern  Silage  Methods/^ 


■RNTIRELY  a  new  book— new 

chapters— tells  facts  about  every 
type  of  silo— homemade,  stave, 
brick, cement, tile,metal, pit, 
etc.  Tells  best  for  your  needs 
—impartial  suggestions  for 
making  most  profits. 264  pages 
-10  page  index— Copyrighted 
Nov.l914,covers  41  silage  crops. 
Send  for  new  book;  it  beats  all 
previous  editions.    Write  today. 
Mailed  for  10c.     Mention  this 

paper.  Silver  Mfg.  Co.,  Salem,  0. 
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How  Many  Cows  Can  You  Milk 
in  An  Hour? 

With  two  B-L-K  Milkers  one  man  can  milk  26  cows  in  an  hour 

They  are  easy  to  handle  and  great  money  savers. 
^  Dust  and  dirt  cannot  get  into  the  machines  at 
milking  time  and  they  are  easily  kept  clean  and 
sterile. 

If  you  are  interested  in  high  grade  milk  and  a 
method  of  reducing  your  milking  cost,  write  today  for 
our 

Illustrated  Book  FREE 

It  gives  you  valuable  information  on  producing 
certified  milk  easily  and  in  the  cheapest  way. 
Burrell  (B-L-K)  Milkers  Drop  US  a  postal  today.    The  booklet  is  Free. 

D.  H.  BURRELL  &  CO. 

503  Albany  Street,  LITTLE  FALLS,  NEW  YORK. 
Manufacturers  also  of  "Simplex"  Cream  Separator  and  other  "Simplex"  special- 
ties—"The  Best  in  the  World." 


GAS  FOR  LIGHTING  AND  COOKING 

PILOT  LIGHTING  PLANTS 

SUPPLY  A  CITY  CONVENIENCE  TO  COUNTRY  HOMES 


A  simple,  automatic  gas 
machine,  producing  the 
most  beautiful  light  in  the 
world.  Cheaper  than  kero- 
sene. Installed  in  cellar  or 
outside  the  house. 

Absolutely  Safe 
Always  Ready 


H  a  n  d  s  0  me  ornamental 
chandeliers. 

Barns  lighted  by  pull  of  a 
chain — no  matches  needed. 

Clean  and  cheap  for  cook- 
ing. 

A  Cool  Kitchen 
In  Summer. 


Used  today  in  more  than  250,00  Country  Homes.  Pilot  Lighting  Plants  in- 
stalled complete,  ready  for  use  and  guaranteed.  Write  for  estimate. 

OXWELD  ACETYLENE  COMPANY 


NEWARK,  N.  J. 


CHICAGO. 


LOS  ANGELES. 


Please  mention  THE  AGRICULTURAL  STUDENT  when  writing  advertisers. 
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Eight  Feet  Wide,  or  Better 


International  Harvester 
Spreaders 
Low  Corn.  King 
Low  Cloverleaf 


ONCE  you  have  seen  both  kinds  of  work  you 
will  say:  There  is  certainly  a  wide  gulf 
between  the  ordinary  spreader  and  the  modern  I  H  C 
machine,  with  its  good,  wide-spreading  device.  Give 
me  the  up-to-date,  time  and  labor-saving  spreader." 

International  Harvester  spreaders  —  Low  Corn  King  and  Low 
Cloverleaf — are  made  with  wide  spreaders  that  throw  the  manure 
out  in  a  wide,  even  spread,  and  broken  up  into  fine  particles  by 
the  disks  that  give  it  a  second  beating.  In  this  condition  the  soil 
takes  up  quickly  and  evenly  the  fertilizing  elements. 

Though  they  are  narrow,  conveniently  handled  spreaders,  easy 
to  drive  right  into  stables  for  loading,  they  spread  to  a  width  of 
8  feet,  or  better.  This  cuts  the  spreading  time  in  half,  increases 
the  tractive  power  of  the  spreader  by  keeping  the  wheels  off  the 
slippery  manure,  and  gives  you  the  best  machine  made  for  top 
dressing.  I  H  C  spreaders  are  simply  built,  and  very  strong. 
They  are  low  for  easy  loading.  They  are  built  in  sizes  to  suit 
any  buyer,  and  they  do  work  that  is  uniformly  satisfactory. 

Be  sure  to  see  the  I  H  C  dealer  who  can  sell  you  a  Low  Corn 
King  or  Low  Cloverleaf  —  or  write  us  for  catalogue. 

International  Harvester  Company  of  America 

(Incorporated) 

CHICAGO  USA 

Champion    Deering    McCormick    Milwaukee    Osborne  Piano 
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LIKE  THE  "ROCK  OF  GIBRALTAR" 

— "without  a  crack  anywhere  and  keeping  the  ensilage  perfectly, 
right  up  to  the  edge  all  around" — this  is  the  statement  of  Mr. 
W,  E.  Spann,  of  Shelbyville's  famous  ''Burr  Oak"  Farms,  while 
speaking  of  his 

Perfect  Reinforced  Cement  Silos 

storms,  wind  and  weather  cannot  destroy  ''Perfect"  Silos. 
Made  of  everlasting  cement  blocks,  reinforced  with  wire  and  steel 
rods.  Absolutely  fireproof.  Guaranteed  not  to  crack.  Write  for 
illustrated,  descriptive  booklet  giving  the  opinions  of  leading 
farmers  and  dairymen. 

REPRESENTATIVES  WANTED.     Write  for  terms  and  free  booklet. 

The  PERFECT  REINFORCED  CEMENT  SILO  &  CISTERN  CO. 

DELAWARE,  OHIO. 
General  Sales  Agents,  Hocking  Valley  Ensilage  Cutters. 


m 


THE  FEED  THAT  FATTENS 

High  Grade  Cottonseed  Meal 

Get  our  prices  before  you  buy 

The  WM.  A.  BURNETT  CO.,  ^%lta^^iSSti9oT  Louisville,  Ky. 


Creamery  Machinery — Ice  Cream  Equipment 

Simplex  Link  Blade  Cream  Separators,  Minnetonka  Home  Creamery  Churns,  James 
Stalls  and  Stanchions,  James  Litter  Carriers,  Universal  Ripener  and  Pasteurizer, 
Simplex,  Chilly  King,  Champion  Coolers,  B-L-K  Milkers,  Rice  &  Adams  Fillers 
ONLY  THE  BEST  MANUFACTURERS  REPRESENTED—THE  "OHIO"  LINE 
OF  SUPPLIES  IS  COMPLETE. 
Let  Us  Supph^  You  Today.    Write  for  Catalog. 

THE  OHIO  CREAMERY  &  DAIRY  SUPPLY  GO. 

DAIRY  BUILDERS  AND  ENGINEERS 
124-126  THIRD  ST.  WEST.  CINCINNATI,  OHIO.  ■ 


Special  Gash  Price,  postpaid,  $2 

Every  liorse  owner  should  have  one  of  our  No.  914  Drenching 
Bits.  No  cutting  of  cheek  and  tongue;  no  waste  of  medicine; 
animal  will  not  fight  it.  Can  be  used  equally  as  well  en  cattle. 
Will  last  a  lifetime;  practically  indestructible.  From  the  stand- 
point of  convenience  and  economy  it  is  worth  considerably  more 
than  the  price  asked. 

Complete  Illustrated  Catalogue  of  A^eterinary  Instruments 
mailed  free  on  application. 

HAUSSMANN  &  DUNN  CO. 

708  S.  CLARK  ST.,  CHICAGO. 
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Losses  f^!m  Hog  Cholcra? 

For  prevention,  use  "544." 

If  your  herd  has  been  exposed,  is  infected  and  sick  with  cholera, 
treat  them  with  "544." 

"544"  is  a  chemical  substance — not  a  serum  or  virus — and  is  admin- 
istered hypodermically. 

No  dangers  of  producing  abscesses — of  new  centers  of  infection — 
of  abortion — of  stopping  growth  or  development. 

Read  the  letter  below. 

LIMESTONE  VALLEY  STOCK  FARM 
W.  C.  Coleman,  Prop. 

Butler,  Mo..  Nov.  1,  1915. 

The  Thiele  Laboratories  Co.,  Columbus.  Ohio. 

Gentlemen:—!  have  been  using  your "544"  ever  since  I  became  aware  of  its  manufacl'^re, 
and  have  not  had  a  case  of  hog  cholera  on  the  place  since  that  time. 

I  have  made  a  practice  of  treating  hogs  intended  for  market  at  weaning  time,  and  th  il" 
was  sufficient  to  run  them  through  until  fattened  and  sold.  Brood  sows  I  have  treatetl 
about  once  every  six  months  with  the  same  result. 

My  neighbor  joining  me  on  one  side  lost  all  his  hogs  this  fall  from  cholera,  while  mine 
never  missed  a  meal.  Another  neighbor,  whose  hogs  run  next  to  the  line  fence  and  make 
a  complete  exposure  for  mine,  had  cholera  break  out  among  his  hogs  this  fall,  and  after 
losing  one.  called  on  the  Agricultural  Field  Agent,  who  is  working  for  the  eradication  of 
hog  cholera  in  this  (Bates)  county,  to  vaccinate  his  hogs  with  the  simple  serum  treatment. 
This  was  done  without  effect,  as  he  lost  all  that  was  sick  at  the  time  and  some  that  be- 
came sick  later. 

My  neighbor  called  this  party's  attention  to  the  fact  that  his  neighbor  (the  writer) 
was  using  "544,"  and  asked  if  he  knew  anything  about  the  stuff.  He  was  told  that  he  had 
heard  more  or  less  about  it,  and  that  if  my  neighbor  would  just  wait  he  would  see  my  hogs 
get  the  cholera  the  same  as  the  balance  of  the  neighbors. 

The  hog  cholera  has  left  this  neighborhood,  as  all  the  available  hogs  to  work  on  have 
died,  while  mine  alone  are  left. 

Several  have  been  converted  to  the  use  of  "544,"  but  at  a  very  expensive  cost. 

I  have  delayed  writing  until  I  could  see  what  my  hogs  done  after  such  severe  exposure, 
and  have  to  report  all  well  and  doing  fine.  Never  missed  a  meal  or  showed  any  signs  of 
cholera. 

Yours  very  truly, 

G.  C.  COLEMAN. 

If  interested,  or  further  information  is  desired,  write  for  free  booklet  to 

THE  THIELE  LABORATORIES  CO. 

407  Hartman  Building,  Columbus,  Ohio. 
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WHY  CO-OPERATION  PAYS  MOST 
MONEY  FOR  CREAM 

Because  We  Pay  the  Freight  and  Give  the  "Tenths" 

See  the  value  of  the  "Tenths"  to  William  J.  Ayers,  Morrow,  O.,  who  shipped  us 
during  November,  1915,  as  follows  : 
With  the  "Tenths"  Counted.  Same  Without  "Tenths"  Counted. 

Cream  Test  Fat 
November  1...  39.5  24.2  9.55  November 
5...  37.4  24.2  9.05 
10...  35.8  23.0  8.23 
15...  39.9  22.6  9.01 
20...  40.7  26.5  10.78 
26...    39.6         22.8  9.02 


Cream 

Test 

Fat 

1.. 

.  39 

24 

9.36 

5.. 

.  37 

24 

8.88 

10.. 

.  35 

23 

8.05 

15.. 

.  39 

22 

8.58 

20.. 

.  40 

26 

10.40 

26.. 

.  39 

22 

8.58 

53.85 

55.64 

Mr.  Ayers'  "Tenths"  gained  him  1.79  pounds  of  fat,  worth  $0.53.  We  paid 
"Freight"  back  to  him  on  6  cans  at  15c,  equal  to  $0.90. 

We  sent  him  a  check  for  $17.53.  $17.53  divided  by  53.85  equals  32.5c.  At  Elgin 
average  price,  his  "Tenths"  and  "Freight"  paid  him  32.5  minus  29.9c,  equals  2.6 
cents  above  Elgin.     SHIP  US  YOUR  CREAM. 

The  West  Jefferson  Creamery  Company 

COLl'MBCS,  OHIO— ZANESVILIE,  OHIO. 
1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


Henry  Ford  Uses 
Natco  Hollow  Tile 


This  great  genius 
of  the  automobUe  in- 
dustry builds  for  per- 
manency. Ford  buildings 
must  be  enduring,  need  / 
few   repairs,   be    fireproof.  ( 
Natco  Hollow  Tile  is  specified.  ^ 
Settle  your  silo  problem— buy  a  " 
Natco.   Be  sure  of  perfect  ensilage 
at  all  times.  Do  away  with  repairs  and 
adjustments.   Erect  the  worryless 


Forri  Branch  at  Columbus,  Ohio.  Natco 
Hollow  Tile  was  used  in  this  building. 


Natco  Everlasting  Silo 

"The  Silo  that  Lasts  for  Generations 

Its  hollow,  vitrified,  clay  tile  are  impervious  to  air  and  moisture— they  preserve  the  silage 
sweet  and  juicy.    The  dead  air  spaces  in  the  wall  resist  f  rost-makmg  it  the  silo  for  severe 
climates.     The  continuous,  reinforcing-  bands  laid  in  the  mortar  hold  it  in  a  grip  of 
steel.  Itis  a  silo  of  efficiency,  andasilo  you'll  be  proud  of .    Send  for  our  silo  catalog 
describing  it  fully.  Also  get  our  splendid  new  book, 
"Natco  on  theFarm, "describing  other  farm  build- 
ings made  of  Natco  Hollow  Tile  and  just  as  effi- 
cient. Both  books  free.  We  have  many  farm 
building  plans  to  submit, and  will  help  you 
solve  your  building  problems  free.  What 
are  you  going  to  build?  Let's  hear 
from  you.   Write  today. 


National 
Fire  Prooting 
Company 

1132  Fulton  Building 
Pitssburgh    -    -  Pa. 


A  Natco  Silo  and  a  Natco  Barn 
mean  Permanency  and  Prosperity. 


Natco  Silo  Wall. 
Notice  steel  reinforc- 
ing- bars  laid  in  the 
cliannel. 
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/         The  Use  Of 

Hercules 

OnFarm,Orchard  and  Ranch 


Prepare  this  Fall  for 
Spring  Tree  Planting 

'Y^OU  can  materially  increase  the  strength  and  yield, 
*  and  hasten  the  growth,  of  trees  to  be  planted  in  the 
spring  by  dynamiting  the  holes  for  them  this  fall. 

Let  the  holes  lie  open  during  the  winter.  Then 
plant  the  trees  at  the  regular  time  next  year. 

You  will  be  surprised  at  the  rapid  progress  made  by 
trees  planted  in  this  manner. 

Hercules  Dynamite  breaks  up  the  soil  thoroughly  for 
some  distance  around  the  hole.  The  young  tender  roots 
are  thus  enabled  to  spread  and  grow  in  a  natural  manner. 

When  two  trees  are  planted  at  the  same  time  and  in  the  same  orchard, 
one  in  a  spaded  hole,  the  other  in  a  dynamited  hole,  the  growth  and 
development  of  the  latter  is  invariably  almost  twice  that  of  the  former. 
This  difference  always  shows  when  Hercules  Dynamite  is  used. 

If  you  are  not  thoroughly  familiar  with  the  advantages  gained  by 
using  dynamite  on  the  farm,  write  today  for  * 'Progressive  Cultiva- 
tion." It  contains  valuable  information  on  tree  planting,  subsoiling, 
stump  and  rock  blasting,  drainage  work  and  other  agricultural  activities. 
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Thousands 
of  satisfied 
dairymen 
ship  their 
Cream  to 
the  Ohio 
Dairy  Co. 

There  must 
be  a  reason 


THE  OHIO  DAIRY  CO. 

COLUMBUS,  OHIO 


Please  mention  THE  AGRICULTURAI/  STUDENT  when  writing  advertisers. 
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4  H  P  Gushman  Weighs  Only  190ii« 
8H.P  2Cylmder  Only  320te; 


These  are  the  only  light-weight  farm  engines. 
High  speed  and  throttle  governor,  with  perfect  balance, 
give  smooth,  continuous  flow  of  power  and  uniform  speed 

instead  of  violent,  irregular  explosions  and  fast  and  slow 
speeds  of  old-style  engines.  This  explains  why  Cushman  engines 
are  so  light  in  weight,   yet  more   steady  -  running  and  more 
durable  than  engines  weighing  four  or  five  times  as  much. 

Only  All-Purpose  Farm  Engines 

Besides  doing'  all  regular  jobs,  Cushman  Engines  may  be  used  for  so  many  jobs 
heavy  engines  cannot  do.  4-H.  P.  is  original  binder  engine,  also  used  on  corn  binders  and 
potato  diggers.  8  H.  P.  used  on  hay  balers,  corn  pickers,  etc.  15  H.  Po  weighs  780 
lbs.;  20  H.  P.  only  1200  lbs.,  for  heavy  duty. 

Cushman  equipment  is  much  superior  to  that  of  ordinary 
farm  engines.    Friction  Clutch  Pulley  and  Schebler  Carburetor. 
20  H.  P.  has  gear-driven  high  tension  Magneto.   Cooled  by  forced 
vsrater  circulating  system,  permitting  all-day  run.  Moving 
parts  enclosed  and  run  in  bath  of  oil.     Run  at  any  speed- 
speed  changed  while  running.    If  you  want  a  real  farm 
m    engine,  to  run  without  trouble 
Cushman  Eugines    ■    and  do  all  your  work,  you  need 
aj-e  n?«  cheap,      ■    the  Cushman.    Book  free, 
but  they  are 

*'*'ar"unl'*  M   CUSHMAN  MOTOR  WORKS 

926  No.  21st  Street,  Lincoln,  Neb. 


V 


2-Cyl.  8  H.  P. 
With  Clutch  I 
Pulley 
Weight 
320 
(bs. 


 iiinSL^  


COLVMBVS.  OHIO. 
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For  Quick  WorK, 


What's  One-Third  of 
Your  Time  in  the  Hay 
Field  Worth  to  You? 

Louden  Hay  Tools  will  save  it.  Will  enable  you  to  move  bigger  loads 
easier  and  faster  than  in  any  other  way — avoid  the  danger  of  delay 
which  often  lets  the  rain  catch  your  hay  down,  spoiling  it  for  use  or  sale. 

Louden  Balance  Grapple  Fork 

Set  the  Louden  Balance  Grapple  Fork  across  a 
load  and  it  will  take  the  entire  width  of  an  8-foot 
rack  at  a  single  lift.  Half  a  ton  at  a  time  will  not 
strain  it.  You  can  put  away  the  biggest  load  in  five 
minutes.  Moves  straw,  alfalfa,  or  clover  as  clean 
as  timothy — grips  it  tight;  no  scattering  or  drib 
bling.  What  other  hay  fork  will  do  this?  Built  oi 
€he  finest  steel,  especially  made  for  us.  Light, 
Strong,  perfectly  balanced,  never  fails. 

Louden  Hay  Sling  is  the  tool  you  want 

for  heavy  work  in  short  forage.  Its  factory  test 
is  3,000  pounds.  Will  handle  anything  in  the 
way  of  roughage  without  waste.  Nothing  to 
beat  it  as  a  time  and  labor  saver, 


Louden  Senior  Hay  Carrier 

meets  the  needs  of  the  hay  grower  for  ordinary 
and  for  extra  heavy  work.  Has  a  guaranteed 
continuous  working  capacity  of  1500  pounds. 
Louden  Swivel  Frame  prevents  rope  troubles; 
roller-bearing  rope  wheels  make  it  easy  to  oper- 
ate. Can  be  used  for  either  end  or  center  drive. 
You  can  pick  up  a  load  off  the  wagon  from  any 
angle— it  never  fails  to  register.  Draws  its  load 
right  up  against  the  track,  drags  it  over  beams 
and  puts  it  right  where  you  want  it  every  time. 
You  can  store  tons  more  hay  in  the  same  space 
and  in  record  time. 


Louden  Power  Hoist  Works  with  all  the  Louden  Hay 

Tools.  One  man  operates  it  from  the  load — takes  the  place  of 
horse  or  team  on  the  draft  rope ;  saves  you  $5  a  day  when  used 
with  a  Louden  Carrier  Fork,  or  Sling.  It's  simple,  smooth-running, 
powerful.  Operates  with  steam,  gasoline  engine  or  electric 
motor.  Will  MAKE  GOOD  wherever  hoisting  power  is  needed. 

T.AIIflAn  ¥Iq17  HTaaIg  dependable  all  times.  They 
AJUUUCll  a.a,y  M.  UUIS  cost  Uttle;  save  time;  save  labor 
and  they  often  save  the  crop.  Write  for  our  big,  new,  illustra- 
ted catalog  on  LoudenHay  Unloading  Tools.  Sent  free  on  request. 

The  Louden  Line  of  Sanitary  Barn  Equipment  Includes: 


Litter  Carriers  Feed  Trucks 

Feed  Carriers  Cow  Stalls 

Milk  CanCarriers  Water  Troughs 

Harness  Carriers  Water  Basins 

Weather  Vanes  Mangers 

Barn  Door  Hangers  Horse  Stalls 
Hay  Carriers 

The  Louden  Machinery  Co. 

5204  Broadway        (Established  1867)         Fairfield,  Iowa 


GarageDoorHangers 
Manger  Divisions 
Hay  Barn  Equipment 
Feed  Racks 
Power  Hoists 
Feed  Boxes 


Cow  Pens 
Calf  Pens 
Bull  Pens 
Hog  Pens 
Sheep  Pene 
Cupolas 
Ventilators 
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The  Agricultural  Student. 


How  To  Go  About  Buying 
A  Greenhouse 


DERHAPS  you  have  a  notion  it  is  going 
*  to  be  quite  a  task.  Promptly  dispel  the 
Qotion. 

There  are  worries  about  it — but  that's 
OUPv  END  of  it.  We  will,  if  you  wish, 
do  every  part  of  the  work  from  the 
turning  of  the  sod  to  turning  on  of  the 
heat  in  your  completed  glass  garden. 

The  first  thing  to  do  now,  is  send  for 
our  "Two  G's  Booklet,"  or  "Glass  Gar- 
den, a  Peep  Into  Their  Delights."  and 
see  if  there  are  any  subjects  in  it  that 
seem  to  meet  your  needs.  If  so,  we  can 
promptly  give  you  a  price  on  any  one 
of  them  complete. 

If  you  fail  to  find  any  quite  satisfac- 
tory, then  we  will  take  pleasure  in  mak- 
ing for  you  a  special  design.  In  which 
case  the  work  room  should  harmonize 
with  your  other  buildings.  A  photo- 
graph of  such  buildings  would  then  be 
of  great  assistance  to  us.  So  will  you 
kindly  see  that  one  is  sent  us? 


All  these  preliminaries  can  generally 
be  carried  on  by  correspondence;  but 
frequently  it  is  an  advantage  to  have 
one  of  us  come  right  to  your  grounds, 
look  over  the  proposed  location  and 
talk  things  over  generally  with  you. 
This  we  are  always  glad  to  do.  It 
often  results  in  our  being  able  to  make 
several  advantageous  suggestions. 

When  you  have  finally  ordered  your 
house,  we  at  once  start  to  get  the  ma- 
terials ready  in  any  one  of  our  three 
factories.  Everything  when  it  reaches 
your  grounds  will  be  cut  and  fitted 
ready  for  immediate  erection.  Because 
of  this,  the  rapidity  with  which  the 
douse  goes  up  will  surprise  you. 

And  now  let  us  suggest  that  this  is  a 
particularly  fortunate  time  to  build.  Ma- 
terials are  bound  to  be  higher.  Every- 
thing points  that  way. 

Shall  we  send  the  Two  G's  Booklet, 
or  come  and  see  you  ? 


SALES  OFFICES: 

New  York,  42na   Street  Bldgr-;   Boston,   Tremont   Bldg.;    Philadelphia,  FranMin 
Bank   Bldg. ;    Chicago,    Rookery   Bldg. ;    Rochester,    Granite   Bldg. ;  Cleveland, 
Swetland  Bldg.;  Toronto,  Royal  Bank  Bldg.;  Montreal,  Transporatation  Bldg.. 

FACTORIES: 

Irvington,  N.  Y. ;   St.  Catharines,  Ontario;  Des  Plaines,  111. 
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A  Winning  Trio 

AN  AGRICULTURAL  COLLEGE  EDUCATION 

A  FERTILE,  WELL-STOCKED  FARM  || 

AND  1 1 

AFIELD 

II  ILLUSTRATED  || 

EE       America's  high-quality  live-stock  and  "large  farm"  paper — the  paper  for  the  man  1  = 

EE       who  grows  the  best,  breeds  the  best  and  reads  the  best.  =i 

is  When  we  began  publishing  The  Field  we  did  it  in  the  belief  that  the  practical,  e e 
5  E       progressive  farmer  of  the  twentieth  century — the  agricultural  college  man — not     .  E  E 

=  =       only  would  appreciate,  but  would  demand  a  farm  paper  of  quality,  beautifully  =^ 

EE       printed,  attractively  illustrated,  properly  edited  and  above  all,  practical.  i  = 

EE  We  know  now  that  our  opinion  was  right.  Quality  agriculture,  quality  livestock  and  11 
□  s       quality  farm  journalism  are  inseparably  linked.    I  he  Field  is  a  publication  for 

11        the  man  who  believes  in  pure-breds,  in  practical,  progressive  agriculture — what  H 

11        agricultural  college  man  does  not  ?    It  is  a  paper  for  the  agricultural  college  man  11 

eg        — it  contains  the  news  of  all  the  colleges  and  epoch-making  articles  by  the  deans  gg 

11        and  professors.    It  is  a  paper  for  the  successful  stock  breeder — it  publishes  all  the  1| 

=  =        news  about  all  the  breeds  and  big  constructive  articles  by  famous  master  breeders.  =  = 

5n        It  is  a  paper  for  the  successful  farmer  who  wants  to  keep  in  touch  with  the  new  55 

11        discoveries  in  horticulture  and  agriculture.  H 

ft  YOU  NEED  THE  FIELD  jj 

S5       A  copy  is  on  file  in  the  library.    Go  early — read  it  over.    It  will  speak  for  itself.  Eb 

EE        We  have  a  representative  at  college — subscribe  through  him.  •Let  him  show  you  =1 

=  =       The  Field,  explain  its  many  points  of  marked  superiority.  Ask  your  professor  of  EE 

55        animal  husbandry  his  opinion  of  The  Field.   As  an  agricultural  college  man  we  55 

11       know  you'll  come  in  and  be  a  Field  enthusiast.    The  time  to  act  is  now,  while  EE 

=  =        there  is  still  time  to  get  a  free  copy  of  our  International  Live  Stock  Annual.  =  = 

II     THE  ADVANCED  AGRICULTURAL  PUBLISHING  COMPANY  || 

II  Room    B    17  West  42d  Street,  New  York  City  || 
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GRAND  PRIZE 

PANAMA- PACIFIC  EXPOSITION 

Awarded  to 

DE  LAVAL 

CREAM 

SEPARATORS 

as  the  Highest  Award  has  been 
at  every  International  Exposition 
since  the-  invention  of  the  Cen- 
trifugal Cream  Separator  in  1878. 

And  likewise  as  at  all  previous 
expositions,  all  the  higher  dairy 
product  awards  at  San  Francisco 
have  been  made  to  users  of  the 
De  Laval  machines. 


The  DE  LAVAL  SEPARATOR  CO. 

165  Broadway,  New  York  29  E.  Madison  St.,  Chicago 


50,000  BRANCHES  AND  LOCAL  AGENCIES  THE  WORLD  OVER 


